DECEMBER 1961 


ol 


ican 


Index Issue 


A PUBLICATION OF THE Yorke Group 


— 
prary 
i 
3 
44 (Py 2 
d ‘ 
: 
L ° 


= 


i 
> 
: 
: 
2 


may prolong life...restore patients to productive capacity 


Aldactone, which has demonstrated its ability to 
relieve resistant cardiac edema and ascites, has been 
found particularly effective in relieving the edema 
of hepatic cirrhosis. 


The consistently high level of urinary aldosterone 
and aldosterone secretion rates in cirrhotic patients 
indicate that excessive production of this potent 
salt-retaining hormone is a major factor in their 
retention of fluid. As a selective aldosterone blocker, 
Aldactone may be relied on to relieve aldosterone- 
induced edema and ascites. 


Clowdus and his co-workers' gave Aldactone to 
eight cirrhotic patients whose condition had failed 
to respond to salt restriction and conventional diu- 
retics used singly and in combination. All responded 
satisfactorily when Aldactone was added to their 
therapeutic regimen. 


In summarizing their experience with Aldactone 
these investigators state: ‘‘Aldactone, in conjunction 
with other diuretics and dietary sodium restriction, 
produced a striking and sustained diuresis in each of 
eight patients with ascites that had previously been 
refractory to treatment.” 


Indications: Edema and ascites associated with congestive heart 
peony hepatic cirrhosis, the nephrotic syndrome and idiopathic 
ema. 
Dosage and Supply: To take advantage of a highly useful syn- 
ergism and to secure immediate optimal diuresis, Aldactone should 
ordinarily be administered with a full dosage of a thiazide diuretic. 
The recommended adult dosage of Aldactone, alone or in com- 
bination, is 100 mg. four times daily. As much as 1,200 mg. may 
be given daily but will rarely be necessary. Aldactone should 
administered cautiously to patients with hyponatremia or hyper- 
kalemia, and potassium supplementation should not be used. 
Aldactone is supplied as compression-coated yellow tablets of 
100 mg. 
1. Clowdus, B. F.; Higgins, J. A.; Rosevear, J. W., and Summerskill, 
W. H. J.: Treatment of “Refractory Ascites with a New Aldosterone 
Antagonist in Patients with Cirrhosis, Proc. Staff Meet. Mayo Clin. 35:97 
(March 2) 1960. 


G.D. SEARLE &@ CO., CHICAGO 80, ILLINOIS 
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Nicalex reduces abnormal tissue and serum cholesterol 


August 7, 1959: Patient with Familial Hypercholesteremia and 
Xanthoma Tuberosum of both elbows for 14 years. Total serum 
cholesterol: 720 mg.%. Beta-lipoprotein cholesterol: 300 
mg. %.?'? NICALEX, 2 tablets t.i.d. prescribed. No other medication. 


February 21, 1961: Clinically the xanthomata have disappeared. 
No palpable deposits. The areas are soft and not elevated. Total 
serum cholesterol: 164 mg.%. Beta-lipoprotein cholesterol: 
93 mg.%.*'? NICALEx continued, 2 tablets t.i.d. No side effects 


observed. 


This case demonstrates the dramatic clinical role of 
NICALEXx in reducing abnormal cholesterol levels in serum 
and tissue. According to one recent study “... the rapid 
visible regression of these lipid deposits [xanthomata] 
..- following reduction of serum cholesterol levels, pro- 
vides the best direct clinical evidence we may ever have 
for the resorption of atherosclerotic-like lipid deposits.’’* 


Sustained cholesterol-lowering and 
antilipemic effects—NICALEX, a newly 
synthesized salt of nicotinic acid, 
lowers serum cholesterol as well as 
phospholipid and triglyceride levels 
effectively and rapidly. Further, be- 
cause it is well tolerated, NICALEX 
can maintain lowered cholesterol 
and total lipid levels with or without 
adjunctive dietary restrictions. 


Side effects reduced —NICALEX is 
hydrolyzed uniformly in the gastro- 
intestinal tract into free nicotinic 
acid, with nascent aluminum hydrox- 
ide splitting off to provide effective 
buffering action. With NICALEX there 
is a reduced incidence of flushing and 
gastrointestinal upset. Thus, NICALEX 
provides the therapeutic effects of 
nicotinic acid, “...the most uni- 
formly effective agent...”* in the 
treatment of hypercholesteremia, 
with a high degree of patient accept- 
ance and cooperation. 


Dosage: 2 to 4 tablets t.i.d., with or after meals. 
Each tablet contains Aluminum Nicotinate 
Walker 625 mg., a complex consisting of (approx.): 
Aluminum Nicotinate 345 mg.; Nicotinic Acid 
200 mg.; and Aluminum Hydroxide 80 mg. 
Equivalent in activity to 500 mg. Nicotinic Acid. 


Supplied: Bottles of 100 and 1,000 tablets. 


Caution: Federal law prohibits dispensing with- 
out prescription. 


References: 1. Parsons, W.B., Jr.: Arch. Int. 
Med. /07:71, 1961. 2. Parsons, W.B., Jr.: Per- 
sonal communication. 3. Taylor, C.B., et al.: 
Illinois M.J. 119:80, 1961. 4. Christensen, N.A., 
et al.: J.A.M.A. 177:546, 1961. 


NICALEX 


TABLETS Aluminum Nicotinate Walker* 
WALKER LABORATORIES, INC., Mount Vernon, N. Y. 


Ss. PAT. 2,970,062 
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Brand of piminodine ethanesulfonate 


ethanesulfonate 


analgesic for 


Whenever codeine or codeine-aspirin com- 
binations are used, Alvodine taken orally can 
relieve pain better without dulling mental 
acuity or enervating the patients. 


3. Cancer patients. 


Alvodine produces relief without weakening 
the cancer patient. Alvodine allows patients to 
eat normally, to maintain their strength 

and to continue their day-to-day activities to 
the extent permitted by their disease. 

Before prescribing be sure to consult Winthrop’s 


‘literature for information about dosage, possible 
side effects and contraindications. 
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Alvodine injected parenterally is as potent 
as morphine, but unlike morphine, it permits 
patients to remain alert postoperatively. It 
favors early mobilization of patients because 
it is usually not hypnotic. 


Alvodine is the first narcotic analgesic with ac- 
tion approaching “pure” analgesia. It relieves 
pain without producing sedation, drowsiness or 
drugged sensation.* This unique characteristic 
makes Alvodine the most desirable agent for 
pain relief in these three large groups of patients. 


Alvodine Tablets, 50 mg., scored. 

Alvodine ampuls, 1 cc. containing 20 mg. per cc. 
Narcotic blank required. 

Write for detailed information on clinical experience, 
addiction liability, side effects and precautions. 


*In more than 90% of patients 


e 
LABORATORIES 
New York 18, N.Y. 
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CONTENTS 


Clinical Studies 


f Experimental Right Bundle Branch Block in the Normal Human Heart. Electro- 
cardiographic, Vectorcardiographic and Hemodynamic Observations . . 767 


DANTE PENALOzA, RAUL GAMBOA AND FRANCISCO SIME 


Experimentally producing right bundle branch block in human beings by pressure of a 
catheter on the interventricular septum of the right ventricular outflow tract, these investi- 
gators elicited interesting and valuable information about incomplete right bundle branch 
block and confirmed the current criteria for diagnosing complete right bundle branch block. 
Slowing of the QRSsf loop is not always present in incomplete right bundle branch 
block. 


Right Bundle Branch Block Following Open Heart 
and Vectorcardiographic Study. . . . . . 780 


LEONARD SCHERLIS AND YU-CHEN LEE 


Study of late conduction delay of the right bundle branch block type after open heart sur- 
gery for ventricular septal defect indicates that the height of R or r’ in the right precordial 
leads gradually decreases and QRSsf: shifts to the left with eventual ‘reversal of the direc- 
tion of inscription from clockwise to counterclockwise. A slowly inscribed late portion of 
of the QRSsf: loop to the right and anteriorly is the most important criterion for diagnosing 
conduction delay of the right bundle branch block type. 


Fa actors in Myocardial Rupture. An Analysis of Two Hundred and Four Cases at 
Los Angeles County Hospital between 1924 and 1951 . . . . . . 792 


GeorGE C. GRIFFITH, BALAKRISHNA HEGDE AND ROBERT W. OBLATH 


The incidence of cardiac rupture in patients with myocardial infarction ranges between 4.3 on 
to 8.9 per cent. Myocardial rupture rarely occurs in patients under 50 years of age or in 
Negroes. The left ventricle is most commonly affected, particularly the junction of the 
anterior wall and the septum. Death is usually immediate in ventricular rupture, delayed 
several days in interventricular rupture. In all patients with myocardial infarction the 
physician must remain alert for signs of cardiac tamponade—pulsating neck veins and in- 
creased cardiac dullness. 


Acute Myocardial Infarction in a City Bias V. F niin ere of One Hundred : 
Thirty-one Survivors. . 


BENJAMIN A. ROSENBERG AND MONTE MALACH SY 


The 1 and 5 year mortality rates in 131 survivors of acute myocardial infarction in a city 
hospital were 28 and 49 per cent, respectively. Previous myocardial infarction adversely 
affected the 5 year survival rate, but pre-existing hypertension, angina pectoris, congestive 
heart failure, site of the infarction or cardiomegaly during hospitalization did not signifi- 
cantly affect the long range outcome. e, 
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_ prevents anginal pain** 
a r a increases exercise tolerance*** 
reduces nitroglycerin requirements*”* 


A potent regulator of amine oxidase, Marplan has demonstrated a high degree of effectiveness in moderately severe to 
intractable angina pectoris. Improvement on Marplan ranged from a reduction in the number of attacks to virtual abolition of 
the anginal state. With Marpian, anginal relief is enhanced by a more confident mental climate — improving the chances of 
success of the entire prophylactic regimen. However, since the precise manner in which Marplan improves the cardiac status 
is as yet undefined, it is imperative that patients be instructed to maintain the same restrictions of activity in force prior to 
Marplan therapy. Consult literature and dosage information, available on request, before prescribing. 


References: 1. W. Holiander and R. W. Wilkins, in J. H. Moyer, Ed., Hypertension, Philadelphia, W. 8. Saunders Co., 1959, 
p. 399. 2. R. W. Oblath, paper read at American Therapeutic Society, 60th Annual Meeting, Atlantic City, N. J., June 6, 
1959. 3. N. Bloom, Virginia M. Month., 87:23, 1960. 4. T. Winsor and P. Zarco, Angiology, 11: (Part 2), 67, 1960. 5. G. C. 
Griffith, Clim. Med., 6:1555, 1959. 6. G. C. Griffith, Dis. Nerv. System, 21 (Supp!.), 101, 1960. Division of Hoffmann-La Roche Inc. 
MARPLAN® hydrazine 
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Abnormalities in the Electrocardiogram Induced by Emotional Strain. Possible 
Mechanism and Implications 


Louis H. SIGLER 


Through stimulation of the autonomic nervous system in the brain or liberation of cate- 
cholamines or both, conscious or subconscious psychic trauma and emotional strain may 
affect the heart, the conduction system and the coronary arteries and alter the electro- 
cardiogram, particularly in patients with coronary arterial disease. 


Pattern of Uric Acid Excretion after Intravenous Administration of Hydrochlorothiazide 


CrisTOBAL DuarTE, LEONARD S. Dreirus, RyuicHt KopAma, 
ALBERT N. BrREsT AND JOHN H. Mover 


The intravenous injection of 50 mg. of hydrochlorothiazide produced an immediate sus- 
tained increase in urine flow, sodium and potassium excretion and osmolal clearance, but 
no change in glomerular filtration rate. Uric acid clearance decreased. 


Experimental Studies 


Effects of Arterial Occlusion on the Fibrinolytic System. An Experimental Study in 
Dogs 


GerorceE Tsirouris, SAMUEL BELLET, UGo MANzoLi, JEAN SCHRAEDER, 
FRASER GORDON AND HERSCHEL SANDBERG 

This article reports the effects of experimental arterial occlusion on various fibrinolytic 
parameters in the dog. In animals embolized with lycopodium spores antifibrinolytic ac- 

tivity rose progressively. In animals operated upon but not embolized antifibrinolytic ac- 

tivity rose slightly only during the first 24 hours. Increased fibrinolytic activity appeared 

in dogs whose femoral arteries were clamped with hemostats for 1 to 3 hours. 


Serum Enzyme Activities of Glutamic Oxalacetic Transaminase, Lactic Dehydro- 
genase and Isocitric Dehydrogenase Following Embolization of the Dog 
Limb 
Uco Manzott AND RAYMOND PENNEYS 


Experimental embolization producing severe muscular ischemia in dogs elevates the serum 
levels of glutamic transaminase, lactic dehydrogenase and isocitric dehydrogenase. SGOT 
showed the greatest rise with a peak value at 24 to 48 hours. 


New Method 


A Potential Hazard of the Transseptal Left Atrial Catheterization Technic 
Henry D. McIntosu, Ropert E. WHALEN, RAFAEL R. HERNANDEZ, 
James J. Morris AnD D. EpMonD MILLER 


Penetration of the wall of the guiding catheter with possible laceration of the great veins or 
right atrium is a potential hazard of the transseptal technic of left heart catheterization. 
Use of a Teflon catheter and monitoring with an image intensifier are two possible ways of 
reducing the potential hazards of this procedure. 


Contents continued on page 9 
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“nutrition... present as a modifying or complicating 
factor in nearly every illness or disease state.” 


SQUIBB VITAMINS FOR THERAPY 


clinically-formulated and potency-protected vitamins for your patients 
with cardiac disease who need therapeutic vitamin support 


@@ Who can say, for example, 
whether the patient chronically ill with myocardial 
failure may not have a poorer myocardium because 
of a moderate deficiency in the vitamin B-complex ? 
Something is known of the relationship of vitamin C 
to the intercellular ground substance and repair of 
tissues. One may speculate upon the effects of a 
deficiency of this vitamin, short of scurvy, upon the 
tissues in chronic disease.9®’ 


Each Theragran supplies the essential vitamins in truly therapeutic amounts: 


Pyridoxine Hydrochloride. . .. . . Omg. 
rantothenate .... . . 20mg. 


For full information see your Squibb Product Reference or Product Brief. 1. Youmans, J. B.; Am, J. Med, 25:659 (Nov.) 1958. 
2. Kampmeier, R. H.: Am. J. Med, 26:662 (Nov.) 1958. 


SQUIBB Squibb Quality —the Priceless Ingredient 


yr “Theragran’® is a Squibb Trademark 
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Report on Therapy 


Treatment of Paroxysmal Atrial Arrhythmias with Acetyl-Strophanthidin . . . 838 
Jonas BEREGOVICH, RAMON FLORENZANO AND GASTON DuSSAILLANT 


’ Acetyl-strophanthidin given in small divided doses by slow intravenous injection, not ex- 
ceeding a total amount of 1 mg., proved useful and safe in prolonged and resistant paroxys- 
mal atrial arrhythmias. 


Historical Milestones 
Coarctation of the Aorta (Otto, 1824; Bertin, 1824). . . . . . . . . . 843 


SAUL JARCHO 


In the early part of the nineteenth century coarctation of the aorta was diagnosed pri- 
marily at postmortem examination. These selections show the paucity of clinical informa- 
tion about this condition at that time. 


Case Reports 


Congenital Coronary Arteriovenous Fistula . . . ..... . . . . 846 
Davin B. CARMICHAEL AND Douc.tas G. DAvIDsON 


Three cases of congenital coronary arteriovenous fistula are reported raising the total re- 
ported cases to forty-six. The combination of a machinery murmur in an unusual location, 
catheterization evidence of a left to right shunt and opacification of a dilated coronary artery 
by angiography confirm the clinical diagnosis. 


The Treacherous Anomalous Coronary Artery . . . . . . . +. 854 


Howarp L. Gapsoys, RALPH SLONIM AND Rosert S. LirwAk 


Anomalies of the coronary artery supplying the right ventricle constitute formidable ob- 
stacles to successful open heart surgery. An example is provided in which transsection of 
an anomalous coronary artery during ventriculotomy for correction of tetralogy of Fallot 
caused a patient’s death. Selective coronary arteriography is suggested as a possible 
guide to the distribution of any aberrant coronary vessel. 


Diagnostic Shelf 


Reciprocal Rhythm Exhibiting Blocked Reciprocal Beats, Retrograde Block with ( 
Reverse Wenckebach Periods and A-V Dissociation . . 


Capt. RicHARD M. MEYERS 


This case presents varying types of conduction disturbances associated with reciprocal 
rhythm. 


Contents continued on page 11 
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coronary artery disease 
not limited angina 


... neither is Peritrate 


In postcoronary patients with or without angina, 
Peritrate provides the benefits of substantial and 
sustained increase in myocardial blood flow 
without significant change in cardiac output, 
blood pressure or pulse rate. 


electrocardiographic evidence in 


a patient |with! angina 


Before Peritrate—S-T segment depressed After Peritrate (20 mg. given 4 hours be- 
after standard exercise. fore exercise test) S-T segment now 
normal. 


radioisotopic tracings of 


a postcoronary patient| without| angina 


Before Peritrate—Radioisotopic tracing After Peritrate (20 mg. given 242 hours 
shows reduced myocardial blood flow before study) myocardial blood flow sub- 
(shaded area) after infarction. stantially increased. 


Full dosage information, available on request, should be consulted before initiating therapy. 
*Electrocardiograms, radioisotopic tracings and case histories on file in the Medical Department, 
Warner-Chilcott Laboratories 


basic therapy in coronary artery disease 
—with or without angina 


brand of pentaerythritol tetranitrate makers of Tedrai Gelusil Proloid Mandelamine 
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Seminar on the Role of Salt in Cardiovascular 
Hypertension (Part III) 


Interrelationships Between Water and Electrolyte Metabolism in Rats . . . . 863 


EDWARD P. RADFORD, JR. 


In rats, endogenous antidiuretic hormone is normally maintained at a level sufficient to keep 
urine water close to the minimum. ADH may also inhibit water intake. ADH produc- 
tion may be related to electrolyte intake. . 


Regulation of Sodium Chloride Intake by Normotensive and Hypertensive Rats . 870 


MELVIN J. FREGLY 
Observations on the physiologic regulation of sodium intake in rats suggest that rats are 


able to detect only the sodium in solution. 


EpwWaArp D. FREIs 


The acute antihypertensive effect of chlorothiazide depends on its salt-depleting action 
and reduced plasma volume and not on any direct vasodepressor or obscure metabolic 
properties. 


Mode of Action of Chlorothiazide in the Reduction of Blood Pressure in 


James Conway AND Puitip LAUWERS 


Evidence is presented to show that chlorothiazide improves hypertension by reducing pe- 
ripheral resistance. The fall in total body water after long term chlorothiazide treatment 
is attributed to a loss of cellular water. 


Changing Status of Sodium Restriction in Therapy of Hypertension. . . . . 887 


ARTHUR C. CORCORAN 


More than 50 years of recurring discussion and experience have still failed to clarify com- 
pletely the relationship of salt and hypertension, yet, empirically, low salt diets or salt- 
lowering diuretics are excellent antihypertensive measures, either alone or in combination. 


Effect of Chlorothiazide and Hydrochlorothiazide on Blood Pressure and oe 
Activity of Baw 890 


MELVIN J. FREGLY 


Chlorothiazide and hydrochlorothiazide administered to hypertensive rats generally re- 
duced the hypertension, prevented cardiac hypertrophy if given early, and produced 
thyroid hyperactivity related to the increased iodide excretion. The spirolactone, SC- 
8109, was less effective in preventing the blood pressure rise in rats with latex-encapsu- ; 
lated kidneys. 
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ARMOUR PHARMACEUTICAL COMPANY 
ANNOUNCES THE FIRST SELECTIVE TENSITROPIC 


lam pleased to inform you of the latest development in our Company's continuing research 
for superior chemotherapeutic agents. 


For patients suffering from tension/anxiety states, we are offering the medical profession 
Listica— a new and selectively different monocarbamate. Frankly, we would be hesitant 
about entering a field already crowded with good drugs were it not for the marked 
differences Listica presents, 


Listica is not ‘‘just another tranquilizer.’ We, therefore, call it The First Selective Ten- 
sitropic. Here are the reasons why: 


New Listica allays tension/anxiety in as many as 89% of cases by selectively inhibiting 
impulses through internuncial pathways of the central nervous system. However, it does 
not affect the unconditioned response; thus, Listica does not induce apathy or impair acuity. 


The past three and one-half years of clinical studies have demonstrated ‘the safety and 
efficacy of Listica in 1,759 patients. There have been no reports of contraindications, 
toxicity, habituation or serious side effects. 


One tablet q.i.d. is adequate dosage to allay tension/anxiety, maintain acuity, and promote 
eunoia *—"'a normal mental state.” This simple, effective dose remains the same, even 
in maintenance therapy. 


We are sending you samples and published clinical reports on Listica. We will be happy 
to send you a copy of the first “Symposium on Hydroxyphenamate” on request. | believe 
you will find Listica a valuable addition to the arsenal of chemotherapeutics for combatting 


tension /anxiety in your practice. ; 


Robert A. Hardt, President 


P.S.: Physicians who prefer generic names prescribe “Hydroxyphenamate, Armour. 


LISTICA—Hydroxyphenamate, Armour. ©1961, A.P. CO. *Stedman's Medical Dictionary. 


— 
Ba 
i 
AR 
4 
Pigs 
x 
Bes 
] 
12 
q 
é 
| 


CONTENTS continued—December 1961 


VOLUME EIGHT NUMBER SIX 
A New Theory Concerning the Primary Stimulus in Renal Hypertension 899 
Howarp G. SwANNn 
This article describes some characteristics of the natural distention of the kidney and pre- 
sents evidence that changes in kidney distention comprise the fundamental hemodynamic 
disturbance responsible for renal hypertension. 
Panel Discussion 906 
Final Panel Discussion 909 
Departments 
Workman’s Compensation for the Cardiac. 913 
Progress Notes in Cardiology 918 
College News . 919 
Publisher’s Information Page 922 
Author Index . 923 
925 
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1962 Annual Convention 
AMERICAN COLLEGE OF CARDIOLOGY 


The Eleventh Annual Convention of the College will be held in Denver, Colorado, 
at the Denver Hilton, May 29 to June 2, 1962. 

Abstracts of papers intended for the scientific program should be sent before January 1, 
1962, to Dr. James E. Crockett, Department of Medicine, University of Kansas Medical 
Center, Kansas City, Kansas. Abstracts should be approximately 250 words in length. 
Original and three copies are to be supplied. 

Commercial exhibitors should write to Dr. Philip Reichert, Executive Director of the 
College, Empire State Building, New York 1, New York. Journal advertisers will have 
point priority in the assignment of exhibit space. 

Abstracts of scientific exhibits should also be sent to the office of the Executive Director. 
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overweight 
complicates 
_ hypertension 


(diethylpropion* ‘National’ continuous release form) 


When overweight complicates the clinical picture 
of hypertension, Tepanil is the ideal anorectic 
because it curbs the appetite without increasing 
blood pressure or causing undesirable CNS stim- 
ulation.” In this important respect, Tepanil dif- 
fers from the amphetamines which are frequently 
contraindicated” because of their stimulatory side 
actions on the central nervous system and on 
blood pressure. 


Tepanil produces predictable weight loss without 
undesirable CNS stimulation even in cardiac pa- 
tients, even in diabetics, even in adolescents and 
even during and after pregnancy. 

Dosage: Tepanil Ten-tab—One tablet at 10 A.M. daily. 
Tepanil—ideal when divided dosage is desired—One tablet 
t.i.d. one hour before meals and at 8 P.M. to curb night- 
time snacks. 


anil 


curbs appetite 
without pressor effects 


Supplied: Tepanil Ten-tab—Continuous release tablets of 
75 mg. Bottles of 30. Tepanil—Tablets of 25 mg. Bottles 
of 100 and 1000. 


Side Effects: Clinically, the only side effects reported 
have been dryness of the mouth, thirst, and, following 
the use of the Tepanil Ten-tab, a very mild nervousness 
in less than 1% of the patients studied. 


References: 1. Alfaro, R. D.; Gracanin, V., and Schlueter, E.: A 
clinical pharmacologic evaluation of diethylpropion, Journal- 
Lancet 80:526, 1960. 2; Martin, G. J.: A New Anorexic Agent, 
Diethylpropion, presented at the Symposium of the Michigan 
Academy of General Practice, Detroit, Michigan, March 4, 1959. 
3. Illig, A., and Illig, H.: Medizinische 22:1077, 1959. 4. Nulsen, 
R. O.: Curr. Therap. Res. 2:102, 1960. 5. Perlstein, I. B.: To be 
published. 6. Von Ripka, A.: Med. Klin. 54:1879, 1959. 7. Rein- 
stein, H.: Med. Welt 33-34: 1694, 1960. 8. Spielman, A. D.: 
A Clinical Evaluation of Diethylpropion, A New Anti-Appetite 
Compound, presented at the Symposium of the Michigan Acad- 
emy of General Practice, Detroit, Michigan, March 4, 1959. 
9. Huels, H. G.: Clinical Approach to Treatment of Obesity, 
ibid. 10. Ravetz, E.: Evaluation of Anorexigenic Products, ibid. 
11. Decina, L., and Tanyol, H.: New York J. Med. 60:2702, 1960. 
12. Goodman, L. S., and Gilman, A.: The Pharmacological Basis of 
Therapeutics, ed. 2, New York, Macmillan Co., 1955, pp. 517-525. 


ih) DIVISION OF RICHARDSON-MERRELL INC. 


@y. Ss. PATENT NO. 3,001,910 10/61 


THE NATIONAL DRUG CO., PHILADELPHIA 44, PA. 


TRADEMARK: TEN-TAS T-3486/61 
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Introducing the ROS DE-10 
external ac DEFIBRILLATOR 


SIZE: 8” x 9" x 14” 
WEIGHT: 40 Ibs. 


PRESET PULSE: 0.3 second standard; 
0.2, 0.25, 0.4 second optional. 


CURRENT OUTPUT: 60 cps sinusoidal, 
5 ampere, ac. 


VOLTAGE OUTPUT: 440 volts, adult— 
220 volts, children. 


PRICE: $375, f.o.b. Portland, Oregon. 


A SUBSIDIARY OF 
ELECTRO SCIENTIFIC 
INDUSTRIES 


Developed by the makers of the BECO Internal 
Cardiac Defibrillator, engineered and designed in 
close cooperation with leading medical authorities 
on ventricular defibrillation. Single selector switch 
for “child” or “adult”. Fixed, preset pulse. Dual 
pushbuttons—one in each electrode handle—provide 
complete and positive operator control. No dials to 
set, no meters to read, no other operating controls. 
Compact and highly portable, completely self- 
contained. All operating parts permanently 
attached. 


Send for Catalog Sheet C-3. 


MIKROS, Inc.—7620 S. W. Macadam Avenue 
Portland 19, Oregon 
Send Catalog Sheet C-3 to: 


Name 


Address__ 


City. Zone. State__ 
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Full thiazide therapy that 
goes easy on the potassium 


“ONCE A DAY—EVERY DAY” 


Methyclothiazide, Abbott 


Enduron gives you full measure of the 
familiar thiazide benefits: diuresis, 
sodium and chloride elimination, anti- 
hypertensive action. It is potent 
(peak dose is 10 mg., versus 2000 mg. 
for chlorothiazide, for example). One 
10-mg. dose yields sodium excretion 
equal or superior to previously avail- 
able thiazides in any size dose. Long- 
acting, too: every tablet delivers 24 
hours’ continuous therapy, so that 
rarely does your patient require more 
than one daily dose. 

Yet with all this efficacy, Enduron 
is surprisingly sparing of serum po- 
tassium. The single daily dose causes 
but a single temporary peak of po- 
tassium loss, compared with multiple 
peaks of multi doses. Moreover, 


211256 


16 


Trademark 


Enduron’s effect on potassium has 
upper limits; doubling the single dose 
from 5 to 10 mg. approximately 
doubles the output of sodium—yet 
under this same condition, potassium 
output increases little or not at all. 
Thus Enduron produces less potas- 
sium excretion per unit of sodium 
excreted, so that depletion rarely be- 
comes a problem. 
Use Enduron with patients.wh 
have mild to moderate hypertension, 
or patients with edema (as in conges- 
tive heart failure, the nephrotic 
syndrome, hepatic cirrhosis, premen- 
strual tension, or steroid therapy). 
Observe its convenience 
and effectiveness. We pre- 
dict you’ Il be glad youused it. 


ABBOTT 
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Hold down that 


soaring blood pressure with 
just one daily dose 


NEW THIAZIDE RAUWOLFIA ANTIHYPERTENSIVE 


ENDURONYL 


(Methyclothiazide and Deserpidine, Abbott)—-ENDURON™ and HARMONYL® Trademark 


Of course, Enduronyl can’t cure 
your patients’ hypertension... but it 
certainly can simplify treatment. It 
enables you to provide the fullest 
advantages of thiazide and rauwolfia 
—in a single convenient agent —and 
you'll need just one dose daily. Note 
these two components: 


1. ENDURON (Methyclothiazide) 
This long-acting diuretic produces 
enhanced sodium excretion per unit 
of potassium excreted and mini- 
mal potassium loss. It has amply 
demonstrated its merit as a pri- 
mary measure in controlling mild 
to moderate hypertension. 


111257 


2. HARMONYL (Deserpidine) This 
is Abbott’s distinctive rauwolfia al- 
kaloid. It provides antihypertensive 
and tranquilizing actions equal to 
those of reserpine, but with less in- 
terference from certain bothersome 
side effects such as lethargy. 

Together, these two components 

provide even greater antihyperten- 

sive action than with either alone. 

Blood pressure starts down steadily, 

and improvement should be substan- 

tial within 10 days. Use Endurony] 


and see. Full literature available 


promptly on request: con- 
tact Abbott Laboratories, c=) 
North Chicago, Illinois. 
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Protects the angina patient 
better than vasodilators alone 


Unless the coronary patient’s ever-present 
anxiety about his condition can be 
controlled, it can easily induce an 
anginal attack or, in cases of myocardial 
infarction, can delay recovery. 


This is why Miltrate gives better 
protection for the heart than vasodilators 
alone in coronary insufficiency, angina 
pectoris and postmyocardial infarction. 


Miltrate contains PETN (pentaerythritol 
tetranitrate), acknowledged as basic 
therapy for long-acting vasodilation. ... 


REFERENCES: 1. Ellis, L. B. et al.: Circulation 17:945, May 1958. 
@. Friedlander, H. S.: Am. J. Cardiol. 1:395, Mar. 1958. 3. Riseman, 
J-E.F.: New England J. Med. 261:1017, Nov. 12, 1959. 4. Russek, H. I. 
et al.: Circulation 12:169, Aug. 1955. 5. Russek, H. I.: Am. J. Cardiol. 
3:547, April 1959. @. Tortora, A. R.: Delaware M. J. 30:298, Oct. 1958. 
7. Waldman, S. and Pelner, L.: Am. Pract. & Digest Treat. 8:1075, 
July 1957. 


Supplied: Bottles of 50 tablets. Each tablet contains 200 mg. 
Miltown and 10 mg. pentaerythritol tetranitrate. 


: 1 or 2 tablets q.i.d. before meals and at bedtime, 
according to individual requirements. CML-3619 


What is more important—Miltrate provides 
Miltown, a tranquilizer which, unlike 
phenobarbital, relieves tension in the 
apprehensive angina patient without 
inducing daytime fogginess. 

Thus, your patient’s cardiac reserve is 
protected against his fear and concern 
about his condition; his operative arteries 
are dilated to enhance myocardial blood 
supply—and he can carry on normal 
activities more effectively since his mental 
acuity is unimpaired by barbiturates. 


Miltrate 


Miltown® (meprobamate) + PETN 


WALLACE LABORATORIES / Cranbury, N. J. 
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WHEN CHILDREN HAVE HEART FAILURE 


Digoxin suggested the 

drug choice for digitalis 
therapy infants and chil- 
dren primarily because its 


S. O. Sapin, M.D., E. Donoso, M.D., and S. Blumenthal, M.D.: Digoxin Dosage in Infants, Pediatrics 18:730, 1956. 


DIGOXIN ELIXIR PEDIATRIC 
SUSTAINS THE HEART PREDICTABLY 


with the greater margin of safety afforded by: 


uniform potency, 
a brief latent period, 
optimum rate of elimination. 


This stable, lime-flavored solution 
contains 0.05 mg. ‘Lanoxin’ brand 
Digoxin in 1 ce. It is supplied in bot- 
tles of 2 fluid ounces, each with a 
dropper calibrated to 1 cc. in gradu- 
ations of 0.2 ce. 


& BURROUGHS WELLCOME & CO. (U.S.A.) INC., Tuckahoe, New York 
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Lead ii: at rest. Lead fl: 1% minutes after 10 mg. TENUATE 5 minutes after injection 
i.v.—equivatent to 106 mg. oral dose (4 times 
the recommended oral dose). 


with Tenuate, ECG fluctuation is insignificant’ 


figs 


hunger control wit 
of CRC 728 
less than 1% CNS stimulation 


TENUATE suppresses appetite with unique ad- 
vantages for ‘special risk’ patients: no effect 
on heart rate, blood pressure, pulse or respira- 
tion,’ no alteration of BMR. 


Dosage: One 25 mg. Tablet one hour before meals, or 
1 new TENUATE DOSPAN Tablet (75 mg.) daily, in mid- 
morning, swallowed whole. An additional 25 mg. 
Tablet may be taken in midevening to control night- 
time hunger. 


Supply: TENVATE Tablets (25 mg. each), bottles of 
100 and 1000; TENUATE DOSPAN Tablets (75 mg.each), 
bottles of 100. 


References: 1. aitaro, R.D., Gracanin, V. and Schlueter, E.: 
J, Lancet 80:526, 1960. 2. Huels, G.: Michigan Acad, Gen. Pract. 
Symposium, Detroit, 1959. 3. Horwitz, S.: Personal communication, 
1959. 4. Spielman, A. D.: Michigan Acad. Gen. Pract. Symposium, 
Detroit, 1959. 5. Ravetz, E.: Michigan Acad. Gen. Pract. Sym- y,) 

wosium, Detroit, 1959. 6. Decina, L. J.: Exper. Med. & Surg. (in : THE WM. S. MERRELL COMPANY 
press). 7. Scanian, J.S.: Personal communication, 1959, 8. Kroetz M 1 

and Storck: Personal communication, 1959 


fe Division of Richardsen-Merrell Inc. 
Cincinnati, Ohio Weston, Ontario 


Brochure with full product information available on request. TRADEMARKS: TENUATE®, DOSPAN® (MERRELL’S CONTINUOUS RELEASE DOSAGE FORM) 
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Developed 

in cooperation with 

Dr. K. William Edmark, Surgeon, 
Seattle, Washington 


»».- the complete Cardiac Monitor and 
Control instrument for your Patients! 


The new AO Cardiometer combines four instruments within a single, compact unit: Cardiotachometer, 
EKGscope, Automatic Pacemaker and Continuous Internal-External Pacemaker. This practical combi- 
nation of functions gives the surgeon, anesthesiologist or clinician the most complete visual and 
audible cardiac control of the patient, plus the necessary expedient automatic resuscitative action at 
‘the moment of cardiac arrest. Here are some of the many outstanding features offered by this 
exceptional instrument: 


DUAL ALARM SYSTEM can be preset to sound at minimum and maximum tolerances to 

| warn of asystole, tachycardia, flutter and fibrillation. 
: EKG ON BUILT-IN OSCILLOSCOPE allows continuous observation of the QRS Complex 
. .. gives simultaneous display of pace signal when patient is under pacemaker control. 


DIRECT HEART-RATE READOUT in beats per minute is registered on large easy-to-see dial. 


The AO Cardiometer is a proved instrument, used for constant cardiac monitoring in more than 400 

cases of major thoracic and abdominal surgery. You will find this instrument to be worthy of your 

y) utmost confidence. Why not arrange for a demonstration of the AO Cardiometer as soon as possible? 

Gentlemen: 

American ) Optical Please arrange demonstration of AO Cardiometer. 
| INSTRUMENT DIVISION, BUFFALO 15, NEW YORK Address 
a City Zone ....... 
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R KG™ ihe radio-electrocardiograph 


_,..the electrocardiogram [taken] during exercise is an extremely, 


Bellet, S., Deliyiannis, S. and Eliakim, M.: Am. J. Cardiol. 8:385 (Sept.) 1961 


The electrocardiogram during exercise has 
now become a practical procedure with the 
introduction of RKG 100, the radio-electro- 
cardiograph. The RKG 100 eliminates all 
connective cables between patient and 
apparatus and permits unrestricted recording 
of the EKG while subjects are exercising or 
undergoing the physical and emotional stress 
of everyday activity. It has been used suc- 
cessfully with more than 1,200 patients who 
were performing mild (Master Two-Step 
Test) or strenuous (stationary bicycle) 
exercise. Significantly in one clinical study 
conducted with this new instrument, it was 
reported that “...58% of our cases with 
cardiac disease showed changes only or 
chiefly during exercise.” 


References: 1. Bellet, S., Deliyiannis, S. and Eliakim, M.: Am. J. 
Cardiol. 8:385 (Sept.) 1961. Bellet, S., Deliyiannis, S. and Eliakim, 
M.: Circulation (in press) 


For further information 
about the RKG 100 please write to: 


‘valuable adjunct in the detection of myocardial disease... 


The RKG 100 system consists of a pocket- 
size, battery operated radio transmitter worn 
by the patient; specially designed, Band-Aid 
type electrodes, and a desk-model receiver 
which can relay the electrocardiographic 
waves to conventional recording equipment, 
an oscilloscope or magnetic tape recorder. 
The transmitter operates on an authorized 
radio frequency allocated by the Federal 
Communications Commission. 

The system can broadcast up to 500 yards 
and the tracings show a stable baseline 
virtually free of muscle noise. The equip- 
ment is simple to operate in a physician’s 
office or hospital. Besides the electrocardio- 
gram during exercise, the RKG 100 offers 
distinct advantages in continuous monitoring 
in operating, recovery and intensive care 
rooms. 


TELEMEDICS INC. 


SOUTHAMPTON 1, PENNSYLVANIA 


A Subsidiary of Vector Manufacturing Company, Inc. 


Branch Offices: New York ¢ Philadelphia Dallas Los Angeles 
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HY-0984 


Hygroton® 


brand of chlorthalidone 


in hypertension 
and edema 


17 days free each month 
from drug 
administration 


just one tablet 
Mon. Wed. Fri. 


The longest-acting by far 

of all the new agents 
introduced for 

hypertension and edema, 
Hygroton provides a 
smoother, less abrupt action 
which is sustained for 

as long as 72 hours...can 
initiate and maintain therapy 
on just 3 doses a week... 
saves the patient over 

¥3 in cost without sacrifice 
of therapeutic benefit. 


Hygroton® Tablets, 
100 mg., bottles of 100. 


Geigy Pharmaceuticals 
Division of 

Geigy Chemical Corporation 
Ardsley, New York 
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OUR LATEST LIST 


10 Practical Books for the Cardtologist 


SURGICAL DISEASES OF TILE LUNG by Buford 
Burch, Pallon State Hosp., Patton, Calif., and Arthur 
C. Miller, College of Medical Evangelists. ‘The author’s 
informal style of presentation makes this book an ex- 
tremely readable, attractive source of practical 
assistance on such matters as what to do for a patient 
before a diagnosis is established . . how and when to pro- 
ceed when a diagnosis has been made. Pub. Feb. ’61, 
144 pp., 60 il., $8.50 


THE EXERCISE ELECTROCARDIOGRAM IN 
OFFICE PRACTICE by E. Grey Dimond, Scripps 
Clinic and Research Foundation, La Jolla, Calif. Based 
on the author’s personal experience with over 1,000 exer- 
cise electrocardiograms. Details are given of method 
and interpretation as well as precautions. Pub. 


July ’61, 180 pp. (11 X 8'/2), 338 il., $10.00 


TIE AIR WE BREATHE: A Study of Man and His 
Environment, ediled by Seymour M. Farber and 
Roger H. L. Wilson, both of Univ. of Calif. Covers in 
four sections all phases of a vital and growing problem: 
The “‘Normal” Atmosphere and Its Variations; ‘The Air 
Pollution Problem of Industry; Urban Living and Air 
Pollution, Smog and Fog; Specific Problems, such as 
“The Effect of Dusts on the Iluman Lung,” and “En- 
vironment and Cancer.” Pub. March ’61, 432 pp., 82 
il., $14.00 


TRAUMATIC LESIONS OF PERIPHERAL VES- 
SELS Carl W. Hughes and Warner F. Bowers, 
both of Tripler U. S. Army Hosp. (ach specific trau- 
matic lesion of peripheral vessels is considered separately 
and in detail with pros and cons, Geademuenal patho- 
physiology, tricks in diagnosis, modes of therapy, and 
criteria of success. Pub. Feb. ’61, 208 pp., 110 il., $8.00 


CHEMISTRY AND THERAPY OF CHRONIC 
CARDIOVASCULAR DISEASE by Richard J. Jones 
and Louis Cohen, both of Univ. Chicago. The authors 
review the chemical basis for the pathogenesis and ther- 
apy of three common complications of much chronic 
cardiovascular disease—congestive heart failure, 
thrombosis, and arteriosclerosis. Pub. May ’61, 
63 il. (Amer. Lec. Living Chemistry), $7.50 


A HISTORY OF THORACIC SURGERY by Rich- 
ard H. Meade, Formerly, Univ. of Virginia and Univ. 
Pa. “We are greatly indebted to Dr. Meade for bring- 
ing the present into better perspective with the past, 
and for providing this renlhte and highly instructive 
account of the development of present day concepts of 


surgery of the thorax.”—From the Foreword by Emile 
Ilolman. Pub. Aug. ’61, 960 pp., 117 il., $27.50 


PROSTHETIC VALVES FOR CARDIAC SUR- 
GERY by K. Alvin Merendino, Editor-in-Chief. 
Andrew G. Morrow, C. Walton Lillehei, and Wil- 
liam H. Muller, Jr., Associate Editors. All of Univ. 
of Washington (With 250 Participants and Guests). 
Now for the first time all pertinent information on pros- 
thetic valves is available in one source—what has been 
done, what is being tried, and what is being 
planned. Pub. March’61, 616 pp., 393 il., $8.25 


THE TREATMENT OF HYPERTENSION by Sir 
George White Pickering, Univ. of Oxford; William 
Ian Cranston and Michael Andrew Pears, both of 
Radcliffe Infirmary, Ozford. Integrates experimental 
knowledge with clinical wisdom in the cause of the hy- 
pertensive patient and his everyday problems. Pub. 
mry ’61, 192 pp., 70 il. (Amer. Lec. Living Chemistry), 
$7. 


THE PLURICAUSAL CARDIOPATHIES (1961 
Beaumont Lecture) by Hans Selye, Univ. of Montreal, 
Canada. Once again medical history is made with the 
publication of Doctor Selye’s most recent original and 
previously unpublished observalions—observations which 
show that many diseases of the heart are caused, not 
_ by any one pathogen, but by complex pathogenic situa- 
9100 Pub. Aug. ’61, 492 pp., 287 il. (2 in full color), 


AN OUTLINE GUIDE FOR TILE CARE OF. POST- 
OPERATIVE CARDIAC PATIENTS by Merle E. 
White, The Johns Hopkins Hosp. After reading this 
book your nurses will take greater pride in being part of 
a cardiac team and will be more impressed with their 
own important role in the drama of hope for the dis- 
eased heart. Pub. May ’61, 120 pp., 75 il., $6.00 


CHARLES C THOMAS e PUBLISHER 
301-327 East Lawrence Avenue 
Springfield @ Illinois 
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DYE-DILUTION | 
‘CURVE RECORDER 


FEATURES INCLUDE: 


+ “Standard ear" used for routine eliminated without any form of 
checking of performance damping 

* Good stability with high sensi- —« Highly stabilized lamp supply 
tivity unit 

¢ Linear interpretation of records ¢ HIGH and LOW impedance 

¢ Arterial pulsations positively circuits provided. 


HIS instrument is ideal for investigating intra-cardiac shunts and 
padres regurgitation and for determining cardiac output. With blue 
dyes, the curves are essentially linear. A series of curves can be drawn, each 
having exactly the same sensitivity, even in the presence of an increasing 
background of dye. 

Send for Bulletin 326/2:and reprint ‘““The Photo-electric Earpiece Tech- 
nique for Recording Dye-Dilution Curves” by Doctors Gabe and Shilling- 
ford (May, 1961). 


CAMBRIDGE INSTRUMENT CoO., INC. 
Graybar Bldg., 420 Lexington Ave., New York 17, N. Y. 


Cleveland 2, Ohio, Detroit 37, Mich., Oak Park, Iil., Jenkintown, Pa., Silver Spring, Md., 
8419 Lake Avenue 13730 W. Eight MileRd. 6605 W.NorthAve. 479 Old York Rd. 933 Gist Avenue 


PIONEER MANUFACTURERS OF THE ELECTROCARDIOGRAPH 
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Mazola® Corn Oil—Rich in polyunsaturates, lowest in saturates—ideally suited for salads and frying. 


LIQUID non-hydrogenated corn oil 
neutralizes the cholesterol-raising 
effect of more saturated fats. 


Of all leading brands, only Mazola is pure corn oil and Mazola Margarine, made with Mazola 
corn oil, has the highest polyunsaturate-to-saturate ratio. 

Fats are essential in every diet. But some fats—saturates—elevate serum cholesterol, and 
others—polyunsaturates—lower elevated cholesterol levels. Recent research shows the ratio 
of polyunsaturates to saturates to be of value in assessing this special nutritional quality 
of the fat. 

Mazola Corn Oil and Mazola Margarine each have higher P/S ratios than any other 
leading brand (see chart at right). These nutritious, appetizing foods make it easier for the 
hypercholesterolemic patient to achieve and maintain proper fat balance with minimum diet 
changes—and they provide the entire family with fine foods everyone can enjoy. 

Dietary control is the simplest, least expensive, and a widely accepted means to lower 
serum cholesterol—and keep it that way. 
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Mazola® Margarine*—A perfect table spread—contains liquid Mazola as a major ingredient, never hardened by hydrogen. 


AVERAGE COMPOSITIONS OF MAZOLA® MARGARINE AND MAZOLA® CORN OIL (Al! figures are in grams.) 


MAZOLA MARGARINE MAZOLA CORN OIL 
100 grams 2 oz. (4 tbsp.) 100 grams 1 fl. oz. (2 thsp.) 
Fatty Acids 
Polyunsaturated 21 12 51 14 
Monounsaturated 40 23 32 u 
Saturated 14 8 11 3 
Natural Sitosterols 0.5 0.3 1 0.3 
Natural Tocopherols 0.08 0.045 0.1 0.03 
Cholesterol none none none none 
Sodium 0.9 0.5 none none 
MAZOLA MARGARINE —410 Calories/2 oz.; lodine Value —96 
MAZOLA CORN OIL—250 Calories/fi. oz.; lodine Value—124 
RATIO OF POLYUNSATURATES /SATURATES (Average values.) 
Table Spreads Vegetable Olis 
IN 
(MAZOLA) 
High-priced pharmaceutical +18 
margarine Cottonseed Oil 2.0 


Ordinary hydrogenated 
corn oll margarine a os 


tonal 
Butter 1 0.1 | 


Peanut Oil 1.6 


*U.S. Pat. No. 2,955,039 


PRODUCTS COMPANY 
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remarkable new 


clinically proven’ 


micro-miniature 
implantable 


cardiac pacemaker 
Electrodyne TR-14 


implanted subcutaneously 
provides tong-term 


correction of 


Stokes Adams disease 


Latest in Electrodyne’s noteworthy achievements 
in the field of electronic cardiac resuscitation is the 
introduction of the completely implantable Electro- 
dyne Micro-Miniature Cardiac Pacemaker Model 
TR-14. 


Implanting the clinically proven TR-14 prevents tam- 
pering with fixed settings, undesirable psycholog- 
ical effects due to exterior attachment, infection, 
accidental disconnection of wires or introduction 
of harmful exterior electrical impulses. _ 


The TR-14 is preset at a rate within the recom- 
mended limits of 60 to 80 pulses per minute. A 
constant current of 15 milliamperes, well above the 
end threshold required for cardiac stimulation, is 
delivered to the myocardium through two platinum 
electrodes. The TR-14 is powered by low-drain, long 
life mercury cells. 


Physically the TR-14 measures 6 cm x 6.5 cm x 1.7 
2 cm. All exterior surfaces are well rounded for mini- 
: mal trauma to surrounding tissues. 


companion instrument 


Electrodyne TR-6 


for direct cardiac stimulation 
via external attachment 


aa The simply operated, two control (rate and current), Electrodyne Micro- 
Miniature Cardiac Pacemaker TR-6 generates a monophasic impulse of two milliseconds in 
duration at a rate set by the physician within the limits of 45 to 120 pulses per minute. 
The unique design of the TR-6 provides continuous output eliminating the complications 
of an on-off switch. 


Weighing only 7 ounces the TR-6 case measures 6 cm. x 6.5 cm. x 2.5 cm. Battery life is 
estimated up to 5 years. 


Special spring fasteners assure firm but non-traumatic connection to heart wires while a 
leather case provides secure attachment to the body. 


—c 
| *Reference: Zoll, P. M.; Frank, H. A.; Zarsky, 
1 L. R. N.; Linenthal, A. J.; Belgard, 
ae A. H.; LONG TERM ELECTRICAL 
OKES ADAMS DISEASE. Annals 
Electrodyne Company, Inc. of Surgery, Vol. 154: 330 — 346, 


September, 1961. 
20 ENDICOTT STREET, NORWOOD, MASSACHUSETTS, U.S.A. 


Write for specific details and complete information on these and other Electrodyne instruments; Pacemakers, Defibrillators, Monitors, Electrocardioscopes. 
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UNITED STATES CATHETER & INSTRUMENT CORP. 


Originators and sole producers of a complete 
line of Cardiac Catheters and Instruments 


Glens Falls, New York Telephone RX3-2531 


CHANGING YOUR ADDRESS? 


Please fill out and return the coupon below: 


THE AMERICAN JOURNAL OF CARDIOLOGY 
Mailing Dept., 466 Lexington Avenue, New York 17, N. Y. 


NAME 


(please print) 


New ADDREss: 


Street 


City. Zone State 


FORMER ADDRESS: 


Street 


City Zone State 
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Yours with the new BURDICK 


—MAKES EVERY ECG A SIMPLE, 


ROUTINE PROCEDURE 


Burdick takes the trouble out of ECG’s. The 
improved EK-III features a newly designed 
galvanometer, new tubular flat-writing stylus 
and special amplifier system. A simplified 
top-loading paper drive eliminates tedious 
paper threading. No paper curl. The EK-III 

is dual-speed, too; switch instantly from 

25- to 50-mm. recording and back again. 

Yes, Doctor, the EK-III saves time and 
helps keep your office appointments on 


schedule. It’s well worth the small extra 
cost. Ask your Burdick dealer for a demonstration. 
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Electrocardiograph 
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of a series reporting on Endo 
Laboratories’ Anticoagulant Survey 


Nationwide Survey Explores Current Use 
of Anticoagulants in Venous Thrombosis 
and Arterial Embolism 


immediate institution of anticoagulant therapy is now 
accepted by most physicians for the control of throm- 


responses of 10,016 physicians who contributed their 
experience to Endo Laboratories’ Anticoagulant Sur- 
vey completed earlier this year. Analysis of the data 
showed that the use of anticoagulation was more often 
therapeutic than prophylactic. 


indication 


Acute Thrombophlebitis 
Recurrent Chronic 
Thrombophlebitis 

Deep Venous Thrombosis 
Phiebothrombosis 
Arterial Embolism 
Pulmonary Embolism 


Figures refer to percentage of physicians prescribing 
oral anticoagulants 


Specialists Lead in Therapeutic Application of Anticoagulants 


The chart below indicates the use of Coumadin—the 
most widely prescribed oral anticoagulant among both 
general practitioners and specialists—in the foregoing 
conditions. Proportionately, anticoagulation with this 
agent was employed to a greater extent by internists 
and cardiologists than by the responding general prac- 
titioners. For example, 76.9% of 2,626 specialists 
prescribing Coumadin most often used the drug thera- 
peutically in deep venous thrombosis with its associ- 
ated danger of pulmonary embolism, compared to 
96.2% of 3,092 general practitioners using Coumadin. 


feral 
Practitioners Specialists 
Acute Thrombophlebitis 82.5% 
Recurrent Chronic 
Thrombophlebitis 67.9% 
Deep Venous Thrombosis 76.9% 
Pi\lebothrombosis 66.9% 
Pulmonary Embolism 


Figures refer to percentage of physicians prescribing 
Coumadin® therapeutically 


propagation of an already formed thrombus, anti- 
coagulation helps to reduce disability and prevent 


new and potentially fatal thromboembolic episodes. 


Although anticoagulants were used less often for pro- 
phylaxis than for therapy, it is noteworthy that in 
recurrent chronic thrombophlebitis, for example, as 
high as 38.2% of the reporting specialists and 26.5% 
of the general practitioners employed Coumadin 
prophylactically. 


Anticoagulants Minimize Mortality Due to 
Pulmonary Embolism 


Through the use of anticoagulants in venous throm- 
bosis, mortality from subsequent pulmonary emboli 
“can be reduced from 18 per cent to less than 1 per 
cent.”' Anticoagulation is an established measure of 
choice in the management of thrombophlebitis.'* 
Mead and Wright’ suggest that ligation be reserved 
for those cases in which anticoagulation fails to stop 
the thrombophlebitic process, since the late effects of 
ligation are often undesirable. 


Selection of Coumadin as the oral anticoagulant of 
choice offers the advantages of rapid, consistent effect 
and “predictability of dosage.”* For routine post- 
operative protection against pulmonary embolism, 
Coumadin “appears to be the most predictable and 
consequently the safest and most effective anticoagu- 
lant drug...”* Since Coumadin, the first clinically 
established warfarin sodium, is presented in paren- 
teral dosage forms for I.V. or I.M. administration as 
well as in a broad range of tablet potencies, it is the 
most versatile anticoagulant in hospital and office 
practice. 


1. Mead, A. W., and Wright, I. S.: M. Clin. North America 45:907, 1961. 
2. Olwin, J. H., and Koppel, J. L.: S. Clin. North America 39:193, 1959. 
3. Kirtland, H. B., Jr., et al.: California Med. 92:409, 1960. 4. Belding, 
H. H.: West. J. Surg. 68:84, 1960. 


Coumadin (warfarin sodium) is manufactured under license 
from the Wisconsin Alumni Research Foundation, and is sup- 
plied as scored tablets of 2 mg., lavender; 2'/2 mg., orange; 
5 mg., peach; 7'/2 mg., yellow; 10 mg., white; and 25 mg., red, 
as well as in 50 mg. and 75 mg. single-injection units. 
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the proven anticoagulant 
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Richmond Hill 18, New York 
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permits 
accurate dosage titration 


Since initial digitalization and maintenance dos- 
age must be carefully individualized, Crystodigin 
fulfills the important requirements of a preferred 
digitalis. Crystodigin is a crystalline-pure, uni- 
formly potent single glycoside that is completely 
absorbed in the gastro-intestinal tract. With 
Crystodigin, the maximum therapeutic effect can ° 
be readily obtained by dosage titration in incre- 
ments as small as 0.025 mg. 

Available in scored tablets of 0.05 mg. 
(orange), 0.1 mg. (pink), 0.15 mg. (yellow), and 
0.2 mg. (white); and in 1-cc. and 10-cc. 
ampoules, 0.2 mg. per cc. 

Product brochure available; write Eli Lilly 
and Company, Indianapolis 6, Indiana. 
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Clinical Studies 


Experimental Right Bundle Branch Block in 


the Normal Human Heart 


Electrocardiographic, Vectorcardiographic and 
Hemodynamic Observations” 


DanTE PENALOZA, M.D., RAUL GAMBOA, M.D. and FRANCISCO SIME, M.D. 


Lima, Pert 


XPERIMENTAL right bundle branch block 

has been obtained in the dog by sev- 
ering or by tapping the right branch of the 
bundle of His.!~* Right bundle branch block 
is permanent when the right bundle branch is 
severed; it is of a functional and transient 
nature when the tapping technic is used. 
In human subjects exhibiting the electro- 
cardiographic pattern of complete right bundle 
branch block, an anatomic interruption of the 
right bundle branch has been demonstrated,’~*® 
but this structural change is not always present 
in such cases and frequently is lacking in subjects 
with the incomplete right bundle branch block 
pattern.® A functional right bundle branch 
block has been also presumed in man and this 
concept is mainly based on animal experi- 
ments; however, this mechanism has not been 
satisfactorily demonstrated in human beings. 
Many authors do not support the hypothesis of 
either a functional or an anatomic interruption 
of the right bundle branch as an explanation 
for the electrocardiographic pattern of right 
bundle branch block in man, particularly in 


respect to the incomplete right bundle branch 
block pattern. 

The accidental observation of transient right 
bundle branch block in the course of right 
heart catheterization has been reported by some 
authors,!°—* and this finding led us to develop 
a procedure for the experimental production of 
right bundle branch block in man by the 
application of pressure on the interventricular 
septum with an electrode-catheter. Electro- 
cardiographic, vectorcardiographic and hemo- 
dynamic observations of varying degrees of 
right bundle branch block, produced in this 
way in the normal human heart, will be de- 
scribed in this paper. Preliminary observations 
were reported 


MATERIAL AND METHODS 


In twenty normal adult subjects an electrode-cathe- 
ter was introduced into the chambers of the right 
side of the heart. The electrode-catheter was ma- 
nipulated with the aid of the fluoroscope so that al- 
ternately advancing and withdrawing the catheter 
resulted in coiling its distal portion, which was then 
placed into the outflow tract of the right ventricle, 


* From the Department of Pathologic Physiology, and the Heart Laboratory of the Institute of Andean Biology 
|'aculty of Medicine, University of San Marcos, Lima, Per4. This work was supported in part by the Special Re- 
search Fund of the Faculty of Medicine, University of San Marcos. The present address of all authors is Peruvian 
/niversity of Medical and Biological Sciences, Lima, Pera. 
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Fic. 1. A, changes obtained in the vectorcardiogram and in lead V, following the experimental production of right 
bundle branch block in a normal subject; a, before the experimental right bundle branch block; 4 and c, first degree 
right bundle branch block; d, ¢, f and g, second degree right bundle branch block; 4, third degree right bundle branch 
block. Segment 1 of the QRSsé loop and the efferent limb of segment 2 are not modified. Segment 2 of the QRSsf: 
loop shows a progressive forward displacement of its afferent limb. Segment 3 exhibits initially a small clockwise knot 
in the horizontal view; then is displaced to the right and forward and increases its voltage, forming a terminal and 
finger-like appendage (‘‘segment of block’’); finally, it changes its rotation to counterclockwise and shows a close spac- 
ing of the dashes. The TsE loop gradually increases its magnitude and it is posteriorly displaced, away from the ter- 
minal appendage of the QRSsf: loop. Lead V; shows increasing widening of the QRS interval, decreasing voltage 
of the S wave, and the appearance of a late R wave whose voltage increases progressively. The T wave gradually 
becomes negative, reaching great depth in the third degree of right bundle branch block. H = horizontal; S = 
sagittal; F = frontal. B, corresponding electrocardiograms of the same subject as in Figure 1A; a, before experi- 
mental right bundle branch block; 4, first degree right bundle branch block; c, second degree right bundle branch 
block; d, third degree right bundle branch block. No changes are observed in the early portion of the QRS complex. 
As the right bundle branch block progresses the following features are observed: the QRS interval increases; a late, 
wide and slurred R wave develops in lead V; and aVR; a wide and slurred S wave is seen in the left precordial leads 
and in leads 1, u, aVL and aVF; AQRS shifts from +65° to +120°; the mean vector of final QRS vectors shifts 
from +110° to —175°; and the T wave becomes negative in leads V; and V2. 


exerting pressure on the septal surface. In this way 
right bundle branch block of a varying degree was 
produced, disappearing gradually within a few 
minutes after removing the electrode-catheter. 
Conventional electrocardiographic leads, right 
ventricular intracavitary leads, and vectorcardio- 
graphic curves were recorded before the experiment 
and during various degrees of experimental right 
bundle branch block. The intraventricular leads 
were obtained following the procedure used in Sodi- 
Pallares’ laboratory"® in order to avoid the explora- 
tion of those regions of the right septal surface elec- 
trically pertaining to the left septal mass. The vector- 
cardiograms were recorded according to Grishman’s 
cube method,” employing a Sanborn Vector Ampli- 
fier coupled to a Sanborn Viso-Scope, and were 
photographed with a 35 mm. Exakta camera. Fron- 


tal, horizontal and left sagittal projections were ob- 
tained. Standardization was 2 inches per mv., and 
the vector loop was interrupted at 0.0025 second 
intervals. : 

Analysis of QRS Vector Loop: For descriptive con- 
venience, the analysis of the QRSsE loop was made 
by dividing it into three segments. Segment 7 is the 
early portion of the QRSsf loop, inscribed during the 
first 0.02 second after onset of ventricular depolariza- 
tion. Segment 2 is the midportion or main segment 
of the QRSsf, loop,which is composed of two limbs, 
one efferent and the other afferent, and it is speedily 
written from 0.02 to 0.06 second after onset of ven- 
tricular activation. Segment 3 is the final portion of 
the QRSsf loop, which is inscribed beyond 0.06 
second after onset of ventricular depolarization. The 
significance of these three segments of the QRSsf 
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Fic. 2. A, changes obtained in the vectorcardiogram and in lead V; in a normal subject following the experimental 
production of right bundle branch block; a, before experimental right bundle branch block; 4, first degree right 
bundle branch block; ¢ and d, second degree right bundle branch block; e, third degree right bundle branch block. 
Note the changes occurring in the final segment of the frontal QRS loop; widening and clockwise rotation of this por- 
tion are seen in the minor degrees of right bundle branch block; as the right bundle branch block progresses, slurring 
and an abrupt angulation are noted; finally, a small counterclockwise knot is seen in third degree right bundle branch 
block. . Changes occurring in the horizontal and sagittal projections resemble nearly those shown in Figure 1A. Lead 
V shows successively the rS, rSr’, rsr’ and rsR’ patterns and secondary changes of the T wave. B, corresponding 
electrocardiograms of the same subject as in Figure 2A; a, before experimental right bundle branch block; 6, minor 
degree of right bundle branch block; c, advanced degree of right bundle branch block. Electrocardiographic changes 
are nearly similar to those described in Figure 1B. Note that in this subject AQRS shifts from +70° to —145°. 


loop, before the experimental production of right ~ 


bundle branch block, was nearly equivalent to that 
of the three main vectors described in the ventricular 
activation process of the normal human heart." 
This was especially true when the maximal] mean in- 
stantaneous vector of each segment of the QRSsk 
loop was considered. 

Interval between Electrical and Mechanial Systole: 
In order to study the influence of the experimental 
right bundle branch block on the time interval be- 
tween the onset of ventricular depolarization and the 
onset of right ventricular systole, lead V; was re- 
corded simultaneously with right ventricular pres- 
sure curves in ten subjects. Strain gauge pressure 
transducers (P23Db) and a Sanborn Twin-Viso re- 
corder were employed; the paper speed of the re- 
corder was 50 mm. per second. The measurement of 
the interval between electrical and mechanical events 
was made to the nearest 0.010 second, and the value 
obtained in each subject represented the average of 
ten beats. The measured interval was arbitrarily 
diminished by 0.010 second, which has been found 
to be the time lag in the transmission of a pressure 
pulse through the catheter-strain gauge system." 


RESULTS 


VENTRICULAR ACTIVATION PROCESS 
Following the experimental production of 
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right bundle branch block, the early changes 
were seen generally beyond 0.04 second after 
onset of ventricular activation. Segment 1 of 
the QRSsf loop and the efferent limb of seg- 
ment 2 were not modified. The initial portion 
of the QRS complex did not show variations. 
In order to analyze the changes occurring in 
ventricular depolarization we will describe 
three degrees of right bundle branch block. 
This description will be principally based on the 
changes occurring in the horizontal QRS 
loop and the QRS complex in lead Vj. 

First Degree Right Bundle Branch Block: The 
afferent limb of segment 2 of the QRS loop 
showed a slight forward displacement, while a 
small clockwise knot was observed in segment 3 
which maintained its posterior orientation. 
The voltage of the S wave in lead V, decreased 
progressively, while at the same time a notching 
or an embryonic r’ was seen to emerge from 
either limb of the S wave or, in some subjects, 
to follow it. Ventricular activation was pro- 
longed by only a few milliseconds [Figs. 1A 
(b and c) and 2A (b)]. 

Second Degree Right Bundle Branch Block: The 
afferent limb of segment 2 of the QRS loop 


E 
xperimental Ri 
at 
Bee 
j 
agate 
‘ 


770 


TABLE I 
Progressive Changes Observed in the Average Magni- 
tude of the Late R Wave in Vi, Final QRS Vectors and 
T Vector with Increasing Widening of the QRS Interval 


QRS Interval 
Change (sec. ) 
(mv.) 
0.08 | 0.09 | 0.10 | 0.11 | 0.12 

R’ in Vi 0.10*| 0.25 | 0.35 | 0.83 | 1.08 
QRSsf: loop; 0.15 | 0.22 | 0.30 | 0.40 | 0.46 
maximal vector 
of the final seg- 

ment 
Ts loop; maxi-| 0.28 | 0.32 | 0.35 | 0.38 | 0.42 
mal vector 


* Average from only two subjects. 


exhibited an increasing forward displacement 
crossing the efferent limb. Segment 3 of 
the QRS loop, which will be referred to here- 
after as “segment of block,” was displaced 
to the right and forward of the electrical null 
point, forming a terminal and _ finger-like 
appendage. On the whole, the horizontal 
QRS loop showed a figure-of-eight configura- 
tion, in which the proximal component of the 
loop was inscribed counterclockwise and the 
distal component inscribed clockwise. This 
horizontal QRS loop pattern was accompanied 
by rSr’, rsr’, rsr’s’ or rsR’ patterns in lead 
V, [Figs. 1A (d, e, f, g) and 2A (c, d)]. The 
spatial voltage of the maximal mean instan- 


A 8. 


Pefialoza, Gamboa and Sime 


taneous vector of the “segment of block” 
increased as the right bundle branch block 
increased in degree, but only exceptionally was 
it more than 0.40 mv.; the voltage of the late 
R wave in lead V, rarely exceeded 1.0 mv. 
The mean values obtained with increasing 
widening of the QRS interval are shown in 
Table 1. The ventricular activation process 
was prolonged by 10 to 30 milliseconds and a 
slight slowing was frequently noted in the 
terminal appendage of the QRS loop. When 
the QRS duration before the production of 
experimental right bundle branch block was 
0.06 or 0.07 second, it was possible to see right 
bundle branch block of first degree or even 
second degree with QRS complexes of only 
0.07 or 0.08 second in duration (Fig. 3). First 
and second degrees of right bundle branch block 
represent minor types of this conduction disturb- 
ance and are usually referred to as incomplete 
right bundle branch block. 

Third Degree Right Bundle Branch Block: This 
advanced type of right bundle branch block, 
also called complete right bundle branch block, 
was usually observed when the duration of 
ventricular depolarization reached 0.12 second, 
but occasionally even with lesser values. 
Counterclockwise rotation of segment 2 of the 
QRS loop and crossing of its limbs were main- 
tained. The ‘‘segment of block” showed a 
significant increase of voltage, changing its 
rotation to counterclockwise [Figs. 1A (h) 
and 2A (e)]. In three subjects counterclock- 


F 


Fic. 3. Simultaneous right ventricular pressure curve and lead V, in a normal 
subject, before the experimental production of right bundle branch block (A), 
and during varying degrees of right bundle branch block (B, C, D, E and F). 
The paper speed was 50 mm. per second. Corresponding horizontal vector- 
cardiograms are shown in the lower row. Increasing widening of the electro- 
mechanical interval is observed as the right bundle branch block progresses 
but abnormal values, such as 0.11 and 0.12 second, are seen only in advanced 
degrees of right bundle branch block (E and F). Note also minor degrees of right 
bundle branch block with a QRS duration of only 0.07 and 0.08 second (B, C 


and D). 
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Experimental Right Bundle Branch Block 


wise rotation of the entire horizontal QRS 
loop, without crossings, was observed after the 
experimental production of right bundle branch 
block (Fig. 4), and in one subject clockwise 
rotation of the entire horizontal QRS loop 
was seen (Fig. 5). The ‘“‘segment of block” 
in some subjects showed a preterminal plateau 
with an accentuated slurring which was pro- 
longed in some cases up to the terminal portion 
of this segment. The QRS complex in lead 
V, exhibited commonly the rsR’ pattern, but in 
some subjects an rR’ configuration or an R 
wave with an early slurring was also observed. 
In the more advanced degrees of right bundle 
branch block the upper segment of the ascending 
limb of the late R wave did show a slurred 
plateau synchronously inscribed with the pre- 
terminal plateau of the QRS loop. The 
spatial voltage of the maximal mean instan- 
taneous vector of the “segment of block” was 
often more than 0.40 mv. but less than 0.60 
mv. in the advanced degrees of right bundle 
branch block, and the magnitude of the late R 
wave in lead V; was often more than 1.0 
mv. but less than 1.5 mv. (Tables and 

The frontal QRS loop also exhibited the 
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principal changes in its final portion. Widening 
and clockwise rotation of this portion were seen 
in the minor degrees of right bundle branch 
block. When the right bundle branch block 
increased, the ‘‘segment of block” showed a 
sinuous slurring and an abrupt angulation which 
was frequently the forerunner of a_ small 
counterclockwise knot (Figs. 1A and 2A). 
In the QRS complex of the limb leads a wide 
and slurred terminal deflection was seen, and 
this finding became apparent with increasing 
degrees of right bundle branch block (Figs. 
1B and 2B). The mean vector corresponding to 
this deflection pointed between +150° and 
—150° in advanced degrees of right bundle 
branch block. AQRS shifted to the right or to 
the left but it was only exceptionally placed be- 
tween +150° and —150°. In two subjects 
the AQRS position was undetermined after 
experimental right bundle branch block (Table 


II). 


VENTRICULAR REPOLARIZATION PROCESS 


The duration of this process increased 
gradually as the right bundle branch block 
progressed. The T wave became negative in 


B i 


Fic. 4. Electrocardiographic and vectorcardiog 


snic changes produced by 


experimental right bundle branch block in a nor .al subject. A, before experi- 
mental right bundle branch block. B, advanced degree of right bundle branch 
block. This is one of the three cases in which counterclockwise rotation of 
the entire horizontal QRS loop, without crossings, was observed. 
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Fic. 5. Experimental right bundle branch block in a normal subject. A, be- 
fore right bundle branch block. B, advanced degree of right bundle branch 
block. This is the only subject in which clockwise rotation of the entire hori- 
zontal QRS loop was observed. Note also the changes obtained in a right 
intraventricular lead (E): the rS pattern changed to RS with an early slurring, 
and the negative T wave reached great depth. 


lead V; reaching great depth in the advanced 
degrees of right bundle branch block, but it 
maintained the characteristic asymmetry of 
the secondary changes of ventricular repolari- 
zation. The Tsf loop increased its magnitude 
and it shifted gradually backward, in a direction 
opposite to the terminal appendage of the 
QRSsf loop, showing a slurred and sinuous 
configuration in 
right bundle branch block (Figs. 1, 2, 4 and 5). 
The mean voltage of the main vector of the 
Tsf& loop was 0.28 mv. before right bundle 
branch block, and it increased as the right 
bundle branch block progressed, reaching an 
average value of 0.42 mv. in third degree 
right bundle branch block (Tables 1 and nm). 
The frontal T loop did not show significant 
changes of direction but in some subjects a 
slight shifting to the left was noted. 


RIGHT INTRAVENTRICULAR LEADS 


Before experimental right bundle branch 
block an rS pattern was obtained in the out- 
flow tract of the right ventricle, and the time 
of onset of the intrinsicoid deflection was 


the advanced degrees of . 


frequently less than 0.02 second. Following 
experimental right bundle branch block this 
value increased progressively, reaching 0.06 
second in some subjects (Table 1). QRS 
complexes of rr’S type or an rS pattern with an 
early slurring were seen frequently in the minor 
degrees of right bundle branch block. QRS 
complexes of rR’S’ and rsR’S’ configuration, 
or an RS pattern with an early slurring, were 
noted in the advanced degrees of right bundle 
branch block (Fig. 5E). 


RELATIONSHIP BETWEEN ELECTRICAL AND 
MECHANICAL SYSTOLE 


Before the experimental production of right 
bundle branch block, the time interval be- 
tween the onset of ventricular activation and 
the onset of right ventricular contraction was 
found to be between 0.06 and 0.09 second. A 
slight widening of this interval was seen in the 
minor degrees of right bundle branch block. 
On the other hand, abnormal values such as 
0.11 and 0.12 second were frequently found 
in the advanced degrees of right bundle branch 
block (Fig. 3 and Table m). 


THE AMERICAN JOURNAL OF CARDIOLOGY 


— 
| 
f 


Experimental Right Bundle Branch Block 773 


TABLE I 


Electrocardiographic, Vectorcardiographic and Hemodynamic Data Obtained before and after Experimental 
Right Bundle Branch in Twenty Normal Subjects 


| A 
QRSsE Loop TsE Loop 
QRS Interval AQRs? Final QRS Vectors | | Maximal Vector | Maximal 
‘ (sec.) Frontal Projection 1 | of Final Segment Vector t nterval} 
Subject (mv.) (uav.) (sec.) (sec.) 
No. 
Before | After* | Before After Before After After | Before After | Before | After | Before} After | Before| After 
1 0.08 0.12 +60 +125 —120 +170 1.0 0.30 0.46 0.30 | 0.42 | 0.01 | 0.05 | 0.08 |! 0.12 
2 0.07 0.11 +70 +130 +170 +165 0.9 0.16 0.34 0.34 | 0.48 | 0.01 | 0.04 | 0.09 | 0.11 
3 0.08 0.12 +65 +120 +135 +170 1.2 0.12 0.35 0.26 | 0.40 | 0.01 | 0.04 | 0.07 | 0.11 
4 0.07 0.12 +70 —140 —150 —170 $.% 0.10 0.52 0.18 | 0.28 | 0.01 | 0.04 | 0.07 | 0.11 
5 0.09 0.12 +35 —150 —120 —150 1.6 0.22 0.54 0.38 | 0.40 | 0.01 | 0.04 | 0.09 | 0.12 
6 0.08 0.12 +60 + 75 — 95 +170 1.1 0.12 0.40 0.26 | 0.34 | 0.02 | 0.06 | 0.09 | 0.12 
7 0.08 0.12 +45 +130 —120 +180 0.7 0.18 0.42 0.36 | 0.54 | 0.01 | 0.05 | 0.07 | 0.11 
8 0.07 0.12 +65 +120 +110 +180 0.10 0.48 0.30 | 0.46 | 0.01 | 0.06 | 0.07 | 0.11 
9 0.08 >| 0.11 te © —150 — 90 —150 0.6 0.12 0.42 0.28 | 0.35 | 0.01 | 0.05 | 0.06 | 0.11 
10 0.08 0.12 —15 — 40 — 30 +180 0.8 0.20 0.48 | 0.30 | 0.44 | 0.01 | 0.04 | 0.07 | 0.11 
11 0.08 0.12 &.6 —120 —150 +180 0.7 0.16 0.48 0.28 | 0.42 “ are: <0 ees 
12 0.07 0.12 +30 ? +120 +180 1.0 shew one 
13 0.07 0.11 +60 + 75 + 90 +130 0.9 0.22 0.44 0.22 | 0.48 ° oe 
14 0.08 0.12 +60 —150 —120 —150 1.2 
15 0.06 0.12 + 0 ? —150 +180 0.6 0.00 0.60 0.21 | 0.50 | 0.01 | 0.05 ° 
16 0.06 0.11 +65 +110 — 90 +120 
17 0.08 0.11 +90 +100 +120 +125 1.5 0.16 0.52 | 0.32 | 0.48 A 
18 0.07. 0.12 +0 — 30 —100 +180 0.7 So8 
19 0.07 0.11 +25 + 10 + 85 +135 0.7 ia 
20 0.08 0.10 +45 + 90 —110 —150 0.3 


* Values under ‘‘After’’ correspond to the major degree of right bundle branch block obtained in each subject. 
+ TID in RVCL = Time of onset of the intrinsicoid deflection in right ventricular cavity leads. 


EMI interval = Electromechanical interval. 


CoMMENTS 


EVIDENCE OF RIGHT BUNDLE BRANCH 
INVOLVEMENT 


The ventricular conduction defect seen in 
our experiments was obtained only when the 
electrode-catheter was placed in the outflow 
tract of the right ventricle; it is known that in 
this region the major portion of the right 
bundle branch is superficial and subendo- 
cardial’:*.?° and, for this reason, vulnerable. 
When the stimulus was applied to other regions 
of the right ventricular cavity, a conduction 
disturbance was not obtained. This is in 
agreement with previous observations in which 
the destruction of large areas of the suben- 
docardial muscular layers was not followed by a 
ventricular conduction defect.”! 

The advanced degrees of altered ventricular 
conduction obtained in this series of experi- 
ments resemble those reported in cases of 
chronic coronary heart disease, in which post- 
mortem studies revealed an anatomic inter- 
ruption of the right bundle branch.® Varying 
degrees of conduction disturbance similar to 
those noted by us have also been observed after 
open intracardiac surgery for ventricular septal 
defects.%-27_ The anatomic relationship of the 
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right bundle branch to ventricular septal 
defects explains the conduction defect produced 
by the surgical trauma in these cases.”* Finally, 
a close similarity is noted between our findings 
and those induced in dogs by severing or tapping 
the right bundle branch.**:?° 

We believe that the experimental right 
ventricular conduction block obtained by us in 
man is actually right bundle branch block. 
The pressure induced by the electrode-catheter 
on the right septal surface would increase the 
refractory period of the right bundle branch 
causing, in such manner, its functional and 
transient inhibition. It should be remembered 
that the refractory period of the right bundle 
branch is normally more prolonged than that 
of other structures of the conduction system,*° 
and this may explain why a right bundle branch 
block pattern is easily obtained and reversed 
by changing the heart rate in response to exer- 
cise, hyperventilation, carotid sinus massage, 
breath-holding technics and drugs.*!—*® 


EXPERIMENTAL RIGHT BUNDLE BRANCH BLOCK IN 
MAN AND THE DIAGNOSTIC CRITERIA FOR RIGHT 
BUNDLE BRANCH BLOCK 


The current criteria for the diagnosis of 
right bundle branch block is based on informa- 
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in a normal subject. 


Fic. 6. Varying degree of right bundle branch block occurring spontaneously 


A, electrocardiogram and vectorcardiogram correspond- 


ing to a minor degree of right bundle branch block. B, electrocardiogram and 
vectorcardiogram corresponding to an advanced degree of right bundle branch 
block. Note the remarkable similarity of the electrocardiographic and vector- 
cardiographic findings with those occurring during the experimental production 


of right bundle branch block. 


tion obtained from conventional electrocardio- 
graphic leads, intracardiac leads, vectorcardio- 
graphic curves and hemodynamic data. It isin- 
teresting to analyze these criteria in the light of 
our experimental observations in human subjects. 

Electrocardiographic Criteria: ‘The diagnostic 
criteria for advanced degrees of right bundle 
branch block, or complete right bundle branch 
block, have been generally derived from 
Wilson’s whose 
agree with our experimental findings in man. 
On the other hand, the electrocardiographic 
criteria for minor degrees of right bundle branch 
block have been frequently questioned.” 
According to Wilson’s views,*' a QRS interval 
between 0.09 and 0.11 second, and a late 
upward deflection of the QRS complex in 
lead V;, are important evidence for the diag- 
nosis of incomplete right bundle branch block. 
Barker and Valencia* proposed a QRS interval 
of 0.08 second as a lower limit, and according to 
Sodi-Pallares’ criteria* the morphologic changes, 
and not the quantitative data, are the most 
important element for the diagnosis of in- 
complete right bundle branch block. Our 
findings support this point of view because 


criteria 


right bundle branch block of minor degrees 
with a QRS duration of 0.07 or 0.08 second were 
experimentally obtained when the QRS interval 
was 0.06 or 0.07 second before the experiment. 
A similar finding has been recently reported in 
some ventricular septal defects subjected to 
corrective open heart surgery.” The right 
intraventricular leads showed early and char- 
acteristic changes in our experiments, thus 
confirming the value of the intracardiac electro- 
cardiogram in the diagnosis of right bundle 
branch block even of minor degrees, as empha- 
sized by Sodi-Pallares et al.”':#* and Latour and 
Puech. 

Vectorcardiographic Criteria: The diagnostic 
criteria for right bundle branch block of 
advanced degree have been principally published 
from Grishman’s laboratory.**—** In accord- 
ance with these criteria a slurred final portion 
of the QRS loop directed to the right and for- 
ward, with a counterclockwise rotation, is the 
outstanding feature of right bundle branch 
block of advanced degree. ‘The preterminal 
location of the slurring has been emphasized by 
Cabrera et al.*® Our findings agree with these 
precedent observations; however, the second 
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portion of the horizontal QRS loop was fre- 
quently clockwise in the cases studied by 
Cabrera et al., counterclockwise in Grishman’s 
patients, and counterclockwise with crossing 
of its limbs in our experiments. These dis- 
crepancies are not significant when the QRS 
loop is spatially appreciated. As _ regards 
right bundle branch block of minor degrees, 
vectorcardiographic research has been limited 
and definite criteria for its identification are 
lacking. Some authors do not accept this 
diagnosis,*® and others do not admit it when the 
QRS loop is not slurred.**—**:5° In this paper 
we describe the vectorcardiographic features in 
right bundle branch block of minor degrees 
and, as previously pointed out, slowings are 
‘not always present, particularly in first degree 
right bundle branch block. Moreover, in 
some cases the QRS loop is inscribed in only 
0.07 or 0.08 second, and the morphologic 
changes then become most important for the 
diagnosis of incomplete right bundle branch 
block. 

Hemodynamic Criteria: Simultaneous cathe- 
terization of both ventricles in complete right 
bundle branch block has not demonstrated 
satisfactorily the production of an abnormal 
mechanical asynchronism with the onset of 
ventricular A more reliable 
method for appreciation of a delay in right 
ventricular contraction is the measure of the 
time interval between the onset of ventricular 
depolarization and the onset of right ven- 
tricular systole. Before production of experi- 
mental right bundle branch block, we found 
normal values similar to those reported by 
Coblentz et al.,* but higher than those of 
Braunwald et al.** which were obtained with a 
different procedure. A significant delay in 
right ventricular systole was seen in advanced 
degrees of right bundle branch block, in agree- 
ment with previous observations in man,**-* 
and also in animal experiments.** On the other 
hand, a slight delay occurred in right bundle 
branch block of minor degrees, but the relation- 
ship between electrical and mechanical events 
remained frequently within normal variations. 
The same observation has been made in 
right bundle branch block of minor degree 
experimentally produced in human _ hearts 
with right ventricular hypertrophy.*® This 
means that a normal electromechanical interval 
does not exclude the diagnosis of incomplete 
right bundle branch block, in contrast to 
the observations of other investigators.*° 
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EXPERIMENTAL RIGHT BUNDLE BRANCH BLOCK 
IN MAN AND CLINICAL INCIDENCE OF RIGHT 
BUNDLE BRANCH BLOCK 


The experimental production of right bundle 
branch block in the human heart gives valuable 
support for its diagnosis in clinical practice. 
The similarity of the electrocardiographic and 
vectorcardiographic findings in both condi- 
tions is remarkable (Fig. 6) and we believe 
that the clinical right bundle branch block 
pattern is actually due to right bundle branch 
involvement in many instances. However, it 
should be borne in mind that a late R wave in 
the right precordial leads does not result always 
from this mechanism alone. 

Right bundle branch block of minor degrees 
is not infrequent in normal subjects; however, 
an r’ pattern of normal duration in V; can be 
seen in the transitional period from physiologic 
right ventricular preponderance to left ven- 
tricular preponderance, which occurs between 
3 months and 3 years of age at sea level,*” 
and in the adult age at high altitudés.** The 
same pattern has been found in cardiac dis- 
placements such as. in pectus excavatum,®®:® 
and in left-sided fibrous lung diseases, condi- 
tions in which the final QRS vectors are pro- 
jected on the positive field of the V,; axis. On 
the other hand, it should be remembered that a 
late r’ wave is also a normal finding in right- 
sided chest leads'*:*:* because of the right- 
ward posterior orientation of the late QRS 
vectors.!® 

Right bundle branch block is also a frequent 
finding in heart diseases. Advanced degrees 
of right bundle branch block have been dem- 
onstrated in chronic coronary heart disease*:*® 
and in chronic Chagas myocarditis.“ It is 
possible, however, that patterns of altered 
ventricular conduction in other cases with 
diffuse myocardial involvement, for instance in: 
severe hyperkalemia, can be related to parietal 
block, resembling in some way the parietal 
focal block experimentally induced by procaine 
amide," quinidine”®® or cocaine.** An 


pattern in V, is also frequently seen in cases. 
-with right ventricular hypertrophy, and the 


significance of this finding has been the subject 
of many discussions. Experimental studies 
recently performed in our laboratory suggest 
that a functional block of the right bundle 
branch comes into play as an electrogenic factor 
in causing the R’ pattern in V, in these cases.** 
Finally, an R’ pattern in V;, resembling an 
incomplete right bundle branch block, has 
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Fic. 7. Serial electrocardiographic and vectorcardiographic changes observed 
postoperatively in a patient with atrial septal defect of the ostium secundum type, 
without pulmonary hypertension. Note the surprising similarity with the changes 
developing during the regression from experimental right bundle branch block. 
Right sagittal view is used in this case from the Institute of Cardiology ‘“‘Sabbado 
D’Angelo,” Sao Paulo. (Courtesy of A. Barbosa Lima and J. Feher.) 


been described in cases with strictly posterior 
myocardiai infarction.™ 


EXPERIMENTAL RIGHT BUNDLE BRANCH BLOCK 
IN MAN AND THE POSTOPERATIVE CHANGES IN 
SOME CONGENITAL HEART DISEASES 


Right bundle branch block of minor and 
advanced degrees is frequently seen after 
corrective open heart surgery for ventricular 
septal defects*—*’ and, as already mentioned, 
these postoperative changes resemble those 
observed in experimental right bundle branch 
block in man. On the other hand, a remark- 
able similarity is evident when the electro- 
cardiographic and vectorcardiographic changes 
during the regression from experimental right 
bundle branch block are compared with 
those observed following surgical repair of 
atrial septal defects with mild pulmonary 
hypertension or without pulmonary hyper- 
tension (Fig. 7). On this basis we feel that 
right bundle branch block in regression could 


be an electrogenic factor in the aforementioned 
postoperative changes. 

The R’ pattern in V, seen in atrial septal 
defects has been interpreted by some authors 
as an expression of right ventricular hyper- 
trophy, and the postoperative changes have 
been explained as a regression in the degree of 
right ventricular hypertrophy.**-7> However, 
it is known that in atrial septal defects associated 
with a slight degree of pulmonary hypertension 
or in those cases without pulmonary hyper- 
tension, the right ventricle is submittted to a 
volume overloading and it is dilated rather than 
hypertrophied.”*:77_ We believe that the right 
ventricular dilatation could be associated with 
an elongation of the right bundle branch, 
which would account for a functional right 
bundle branch block. The surgical repair of 
the atrial septal defect, which eliminates the 
diastolic overloading of the right ventricle, 
will result simultaneously in a gradual regres- 
sion of the functional right bundle branch block 
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through a progressive reduction of the right 
ventricular dilatation. In support of _ this 
hypothesis is the accelerated development of 
the postoperative changes.”:7* We would like 
to emphasize that the proposed hypothesis 
deals exclusively with the electrogenic factors, 
but it does not modify the diagnostic value of 
the electrocardiographic and _ vectorcardio- 
graphic curves in atrial septal defects. 


SUMMARY 


1. Right bundle branch block was experi- 
mentally produced in twenty normal subjects 
by applying pressure on the right ventricular 
septal surface with an electrode-catheter. Elec- 
trocardiographic, vectorcardiographic and 
hemodynamic observations were performed in 
varying degrees of right bundle branch block 
obtained in. this way. 

2. The results of these experimental studies 
in man are in agreement with the current 
criteria for the diagnosis of right bundle branch 
block of advanced degree (complete right bundle 
branch block), but new and valuable informa- 
tion has been obtained concerning the minor 
degrees of right bundle branch block (in- 
complete right bundle branch block). 

3. Morphologic changes are more important 
than quantitative data for the electrocardio- 
graphic and vectorcardiographic diagnosis of 
incomplete right bundle branch block. A 
QRS duration of only 0.07 or 0.08 second can be 
associated with minor degrees of right bundle 
branch block. Slowing of the QRSsE. loop is 
not always present in these cases, and the 
relationship between electrical and mechanical 
systole remains frequently within normal varia- 
tions. 

4. Right bundle branch block of advanced 
and minor degrees is an experimental reality 
in human beings. On the other hand, the 
remarkable similarity between the experi- 
mental and clinical findings constitutes a 
valuable support of the hypothesis which 
explains the complete and incomplete right 
bundle branch block patterns, seen frequently 
in clinical practice, by right bundle branch 
involvement. However, it does not mean that 
a late R wave in the right precordial leads 
results always from this mechanism. 

5. A surprising similarity is noted when the 
electrocardiographic and _vectorcardiographic 
changes developing during the regression from 
experimental right bundle branch block are 
compared with those observed following surgical 
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repair of atrial septal defects with mild pul- 
monary hypertension or without pulmonary 
hypertension. It is believed that right bundle 
branch block in regression could be an elec- 
trogenic factor in these postoperative changes. 
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Right Bundle Branch Block Following 
Open Heart Surgery 


Electrocardiographic and Vectorcardiographic Study” 


LEONARD SCHERLIS, M.D. and Yu-CHEN LEE, M.D. 


Baltimore, Maryland 


re on THERE have been many reports on 
the electrocardiographic criteria of right 
ventricular hypertrophy and right bundle 
branch block,'!~* there is still occasional dif- 
ficulty in differentiating right ventricular hyper- 
trophy from right bundle branch block and in 
diagnosing right ventricular hypertrophy in the 
presence of right bundle branch block. The 
value of the vectorcardiogram in differentiat- 
ing right ventricular hypertrophy from right 
bundle branch block remains controversial.®:§—"! 

Instances of right bundle branch block ap- 
pearing after open heart surgery provide unique 
opportunities to investigate the effects of the 
conduction disturbance upon the _ original 
electrocardiogram and vectorcardiogram. The 
appearance of such conduction defects also 
raises some questions as to the nature of so-called 
bundle branch block lesions and of complete and 
incomplete block. It was hoped that a study of 
such patients’ records would furnish useful 
information for evaluating right bundle branch 
block in the presence of right ventricular 
hypertrophy. 


MATERIAL AND METHODS 


Thirteen patients with ventricular septal defects in 
whom right bundle branch block developed after 
open heart surgery are included in this study. The 
ages of these patients ranged from 3 to 14 years. Six 
cases were combined with valvular and/or infundib- 
ular pulmonic stenosis and one with patent ductus 
arteriosus. In twelve patients the ventricular septal 
defect was located at the membranous septum, the 
size ranging from 0.5 to 2.5cm. in diameter. In one 
patient (Case 8) the defect measured 0.2 cm. in di- 
ameter and was situated immediately below the tri- 
cuspid ring. Cardiopulmonary bypass procedures 


were utilized, often under conditions of hypothermia. 
In each instance a right ventriculotomy was performed 
and the defect was repaired with atraumatic silk 
sutures or nonabsorbable sponge. Under direct 
vision, the pulmonic stenosis was relieved by split- 
ting the valve or resecting the infundibulum. 
Routine electrocardiograms, including V;R, and 
vectorcardiograms, using the cube system of elec- 
trode placement,” were recorded preoperatively and 
after open heart repair. Follow-up studies were per- 
formed at varying intervals; nine within 2 weeks and 
four within 15 to 20 months after surgery. For the 
electrocardiographic and vectorcardiographic diag- 
nosis of right ventricular hypertrophy, the criteria of 
Milnor® and of Grishman" were used initially. 


RESULTS 


Electrocardiograms: In Table 1 are summarized 
the preoperative and postoperative findings 
including pertinent catheterization data. On 
the basis of electrocardiographic criteria,® there 
were ten instances of right ventricular hyper- 
trophy, one of left ventricular hypertrophy, and 
two cases were within normal limits. Pre- 
operatively, the QRS duration was 0.08 second 
or less in eleven cases, 0.09 second in one and 0.10 
second in one. Postoperatively, each record 
showed slight to marked prolongation, of the 
QRS complex, delay in the _intrinsicoid 
deflection in the right precordial leads and 
increased duration of the S wave in leads 1 and 
Ve. The increment of QRS duration ranged 
from 0.02 to 0.06 second. Before the appearance 
of right bundle branch block, the configuration 
of QRS in V, was Rs or RS in ten subjects, 
RR’s in one, rR’ in one and RsR’s’ in one. 
Following the development of right bundle 
branch block there were eight tracings with 


* From the Division of Cardiology, Department of Medicine, University of Maryland School of Medicine, Baltimore, 


Maryland. 
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Right Bundle Branch Block Following Open Heart Surgery 


Fic. 1A. Case 3. 
stenosis. 


Ventricular septal defect and pulmonic 
Preoperative electrocardiogram and_ vector- 
cardiogram are characteristic of right ventricular hyper- 
trophy, showing marked right axis deviation and tall R 
in right precordial leads. QRS = 0.07 second. The 
QRSsE loop is oriented to the right and anteriorly. 
It is imscribed in a clockwise direction in the horizontal 


projection. (H = horizontal projection; S = sagittal 
projection; F = frontal projection; A = anterior; 
P = posterior; L = left; R = right.) 


rsR’ or RSR’ in V,, one with QR, two with 
rR’ and two with R. In six patients the height 
of R’ in V, increased postoperatively as com- 
pared to R or R’ preoperatively. In the remain- 
ing seven tracings the height of R or R’ remained 
the same or decreased postoperatively. The 
initial 0.06 second portion of the QRS complex 
was remarkably well preserved in the limb 
leads in most instances although the amplitude 
varied. The electrical axis of the initial 0.06 
second vector usually remained essentially un- 
altered after the development of right bundle 
branch block. 

There was no appreciable difference between 
the PR interval before and after the development 
of right bundle branch block. Serial studies in 
a few patients revealed the gradual decrease of 
R or R’ with the QRS duration remaining pro- 
longed (Fig. 1). 


Fic. 1C. Ten months after cardiac surgery. The amplitude 
of R in the right precordial leads and of S in V; and Vz 
have decreased. QRS = 0.12 second. The major 
portion of the QRSsE loop is now inscribed in a counter- 
clockwise direction. A slowly inscribed distinct terminal 
appendage has appeared. (The lower vectorcardio- 
grams were recorded at higher amplification. ) 
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Fic. 1B. Two weeks after cardiac surgery. The initial 
portion (0.05 second) of the QRS complexes are similar 
to those in the preoperative tracing. However, there 
is a wide S in leads 1, aVL, and V¢ and a broad R in the 
right precordial leads) QRS = 0.13 second. The 
initial two-thirds of the centrifugal QRSsE loop is similar 
to the preoperative record. It then extends more to the 
right and anteriorly. There is marked slowing of the 
return portion of the QRSsf. loop. 
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TABLE I 
Electrocardiographic Findings and Diagnoses 
Duration of S 
(sec. ) 
Case Age Di ‘ Interval Electrical D QRs 
No. (yr.) Postoperative Axis 
Lead 1 Ve 
1 11 VSD pre +100° 0.02 0.00 0.06 
1 week post +125° 0.08 0.07 0.12 
2 3 VSD pre -—15° 0.01 0.02 0.06 
2 weeks post —5° 0.04 0.05 0.09 
3 5 VSD + PS pre +125° 0.04 0.04 0.07 
2 weeks post +120° 0.09 0.09 0.13 
4 6 VSD pre +20° 0.00 0.00 0.06 
10 days post +10° 0.06 0.05 0.10 
5 14 VSD + PS pre +120 0.06 0.05 0.10 
1 week post +130 0.10 0.10 0.13 
6 6 VSD pre +90° 0.02 0.02 0.07 
10 days post +70° 0.06 0.06 0.12 
7 5 VSD + PS pre +120° 0.03 0.02 0.07 
12 days post +120° 0.08 0.06 0.11 
8 7 VSD + PDA pre +70° 0.01 0.01 0.06 
2 weeks post +75° 0.06 0.06 0.12 
9 10 VSD + PS pre +130° 0.04 0.04 0.06 
2 weeks post +120° 0.06 0.05 0.09 
10 12 VSD pre +90° 0.04 0.00 0.09 
20 months post +80° 0.06 0.04 0.11 
11 5 VSD + PS pre +120° 0.04 0.03 0.06 
15 months post +100° 0.08 0.07 0.12 
12 5 VSD pre +100° 0.04 0.04 0.08 
18 months post +20° 0.06 0.05 0.10 
13 4 VSD + PS pre +110° 0.03 0.03 0.06 
15 months post 0° 0.08 0.08 0.12 


Abbreviations in this table are as follows: Pre = preoperative; Post = postoperative; VSD = ventricular septal 


Vectorcardiograms: The preoperative vector- 
cardiogram characteristic of right 
ventricular hypertrophy in ten patients, com- 


bined hypertrophy in two (Cases 2 and 10) and ° 


was within normal limits in one (Case 4). 
Postoperatively, all tracings revealed increased 
proximity of the time markings in the late por- 
tion of the QRSsf loop. When the nine vector- 
cardiograms taken within 2 weeks after surgery 
were compared with ‘those recorded prior to 
surgery, various changes were noted. There was 
little or no change in the first one-third of the 
centrifugal loop. In five cases the entire initial 
loop was well-preserved. In two instances, the 
last half to two-thirds of the initial loop was 
distinctly different from the preoperative record. 
The terminal portion of the vectorcardiogram 
was altered in each instance. There was slowing 
of the terminal portion of the centripedal loop 
(Figs. 2 and 3) and occasionally a distinct 


terminal appendage slowly inscribed to the right 
and anteriorly. In some cases the slowing was 
more distinct shortly before the terminal portion 
(Fig. 4). 

The T loops were directed opposite to the 
slow terminal phase. Among those with ‘right 
ventricular hypertrophy prior to surgery, serial 
follow-up vectorcardiograms demonstrated a 
gradual reduction in the degree of right ventric- 
ular hypertrophy. The QRSsE loop which had 
been oriented to the right and anteriorly was 
increasingly inscribed to the left and posteriorly. 
The direction of inscription became counter- 
clockwise instead of clockwise and the terminal 
slowing persisted. Occasionally, a slowly in- 
scribed terminal appendage developed in those 
patients who had earlier demonstrated only 
slowing of the terminal portion of the centri- 
pedal loop without a distinct terminal appendage 


(Fig. 1). 
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Right Bundle Branch Block Following Open Heart Surgery 


TABLE 1 (CONT.) 


QRS in Vi Pressure 
(mm. Hg) 
Intrinsicoid 
Deflection Amplitude 
(sec. ) Pattern ame Right Pul 
g ulmonary 
Ventricle Artery 
Q R S R’ s’ 
0.03 RS 20 20 90/0 90/55 
0.09 QR 5 26 "gif. 
0.02 RS 14 24 pis 45/10 45/25 
0.06 RSR’ 8 10 7 
0.04 Rs 9 1 are 110/8 20/10 
0.10 rR’ 2 aes 20 
0.02 RS 15 20 es 25/4 25/5 
0.06 RSR’ 6 7 6 
0.06 rR’ 1.5 ae 21 110/5 25/11 
0.10 rsR’ 2 1 24 
0.04 RsR’s’ 5 1 6 2 50/5 50/20 
0.08 rsR’ 3 2 12 
0.03 RS 11 17 100/8 15 (mean) 
0.07 R 14 sia 
0.03 Rs 7 4 40/8 40/20 
0.08 R 13 — 
0.04 Rs 21 2 ae 110/5 10/5 
0.05 rR’ 2 Re 21 
0.03 RS 20 34 
0.08 rSR’ 1 11 7 25 100/5 100/40 
0.03 RS 25 5 ie 70/5 15/5 
0.10 rsR’ 4 1 11 
0.04 RR’s 8 2 26 60/0 60/25 
0.05. RSR’s’ 9 10 17 2 
0.04 RS 22 5 ae 120/0 15/5 
0.08 rSR’ 4 9 14 


defect ; PS = pulmonic stenosis; PDA.= patent ductus arteriosus. 


In the remaining four instances with vector- 
cardiograms recorded 15 to 20 months after 
surgery, the QRSsk loop was within normal 
limits except for the slowly inscribed terminal 
appendage. The terminal appendage was 
situated to the right and superiorly in two cases 
(Fig. 5), and to the right and anteriorly in the 
remaining two. Postoperatively, in two cases, 
the prolongation of QRS duration was only 
0.02 second and the configuration of the QRS 
complexes in the scalar electrocardiogram 
revealed little apparent change from the pre- 
operative tracings. The vectorcardiograms 
nevertheless revealed a significant terminal 
conduction delay (Fig. 5). 


COMMENTS 


A unique opportunity for the evaluation of 
the criteria for the diagnosis of right ventricular 
hypertrophy and right bundle branch block is 
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available from the tracings of subjects with right 
ventricular hypertrophy in whom _ terminal 
conduction delay of the right bundle branch 
block type subsequently developed following 
open heart surgery. 

The electrocardiographic criteria for the 
diagnosis of right bundle branch block were 
initially based upon the configuration of tracings 
obtained after experimental interruption of the 
right bundle branch'* and the similarity to 
tracings recorded in the human 
Modifications were necessary because of certain 


_ theoretic considerations'®—'* and data obtained 


from later observations involving precordial 
leads. There is now general agreement 
that the greater the QRS duration the greater 
is the likelihood of bundle branch block.?®:! 
However, establishing rigid criteria has been 
difficult because of the varied evidence from 
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autopsy examination”’—*4 and from the presence 
of intermittent or transient bundle branch 
block.*> Differing QRS durations have thus been 
suggested for complete or incomplete bundle 
branch block.*-*8 Scherf?® has recently re- 
viewed many of the problems which are inherent 
in the consideration of intraventricular block. 

Barker and Valencia‘ considered the presence 
of an early R deflection and a late R’ deflection 
in the leads from the right side of the precordium 
as diagnostic of incomplete right bundle branch 
block. The QRS interval ranged from 0.08 
to 0.115 second and was less than 0.10 second in 
slightly less than half of the cases. However, a 
secondary R wave in lead V, does not prove the 
presence of incomplete bundle branch block. 

Anatomic Basis for: Right Bundle Branch Block 
Following Surgery: The development of complete 
heart block*®:*" or terminal conduction delay of 
the right bundle branch block type*®3?—*4 
following the repair of ventricular septal defects 
has been reported previously. The appearance 
of right bundle branch block has usually been 
attributed to injury of the right bundle branch 
during repair of the septal defect.*?:** Kittle 
and his associates*® reported four instances of 
persistent right bundle branch block in thirty- 
one patients who underwent operation for 
pulmonic stenosis by the Brock procedure. 
There were two instances of infundibular 
stenosis and two of valvular stenosis. These 
authors suggest that operative trauma to the 
bundle branches in the interventricular septum 
may be the cause. 

The concept of direct damage to the bundle 
branches is supported by the postmortem find- 
ings of damage to the bundle branch in instances 
of heart block following repair of ventricular 
septal defects. 
patients who underwent repair of high ventricular 
septal defects later had right bundle branch 
block, it has been reported that those who had 
ventriculotomy alone did not have right bundle 
branch block.** There are also some patients 
in whom ventriculotomy and repair of the 
ventricular septal defect were not followed by 
the appearance of right bundle branch block. 
However, Coggin and associates** reported that 
right bundle branch block was observed follow- 
ing right ventriculotomy in each of their forty- 
five patients. They also demonstrated right 
bundle branch block developing at the time the 
right ventricle was incised in dogs, and the 
septum left untouched. 

Experimental lesions of the bundle branches 


While most of the reported - 


Fic. 2A. Case 5. 


stenosis. 


Ventricular septal defect and pulmonic 
Preoperative electrocardiograms and vector- 
cardiograms are characteristic of right ventricular hyper- 
trophy. QRS = 0.10 second. 


result in tracings which are quite characteristic 
and recognizable. This does not mean that 
similar electrocardiograms in the human subject 
necessarily represent a specific block in a bundle 
branch. For example, Oppenheimer and 
Rothschild* used the term “‘arborization block” 
to describe tracings characterized by QRS 
complexes with abnormal prolongation beyond 
the normal limits of 0.10 second with notching 
and low voltage. They suggested defective 
conduction beyond the subdivisions of the two 
chief branches of the bundle of His. Wilson and 
Herrmann,”’:*! in discussing this report, believed 
that there was no evidence that experimental 
lesions of the larger subdivisions of the branches 
of the bundle of His produced more than minor 
changes in the form of the electrocardiogram 
since the fibers anastamose very freely. Lewis,*’ 
in discussing arborization block, stated “‘Never- 
theless, on theoretical grounds and on those of 
actual experiments, material widening of the 
QRS group is not to be anticipated even when 
lesions of the arborization are extensive; it is 
difficult to understand how considerable pro- 
longation of the QRS group can occur except 
where one or other main bundle branch is 
involved.”” However, Wilson and Herrmann”?:?! 
agreed that the effect of diffuse lesions involving 
large areas of the Purkinje network may be a 
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Fic. 2B. Seven days following cardiac surgery. There is a 
wide S in leads 1, m and Vg, and a broad and notched R’ 
in V; and V2. The initial portion of the QRS complexes 
are similar to those in the preoperative tracing. QRS = 
0.13 second. The initial portion of the centrifugal 
QRSsf loop is similar to the control. It then turns 
more sharply to the right. The return portion of the 
QRSsf;, loop crosses with the centrifugal portion in the 
horizontal plane. There is marked slowing of the ter- 
minal phase of the QRSsf: loop. 


different matter. As early as 1915, Lewis 
and Rothschild** showed that complete trans- 
section of the endocardial surface of the conus 
region may delay the activation of the conus 
muscle by as much as 0.02 second. Wilson and 
Herrmann” regarded this region as particularly 
favorable for study since the cut can be made so 
as to transsect all or nearly all of the Purkinje 
plexus supplying the conus muscle. 

An extensive incision, as is performed to 
provide adequate exposure during open heart 
surgery, must interrupt the Purkinje plexus 
extensively, as well as traumatize even larger, 
more proximal portions of the conducting tissue. 
This is especially true if the incision is in the 
conus area. Impulses must travel either a 
longer path to cause any significant prolongation 
of the QRS interval, or traverse myocardium 
rather than specialized conducting tissue. This 
joes not result from a small stab wound; 
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Fic. 3A. Case 4. 


Ventricular septal defect. Preoperative 
electrocardiograms and vectorcardiograms are essen- 
tially normal. QRS = 0.06 second. 


the QRSsf 


Fic. 3B. Ten days following cardiac surgery. There is a 
wide S in leads 1, 1, V; and Vs, and RSR’ in V;R and 
V:. The initial portions of the QRS complexes are well- 
preserved. QRS = 0.10 second. The early portion of 
loop is similar to the preoperative record. 
The return portion of the QRSsk loop turns sharplv 
to the right with distinct terminal slowing. 
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Fic. 4A. Case 1. Ventricular septal defect. Preoperative 
electrocardiograms and vectorcardiograms reveal right 
ventricular hypertrophy. QRS = 0.06 second. R/S 
ratio in V; is equal to 1. 


hence, the rarity of the bundle branch block 
type lesions following the Brock procedure. 
Regardless of the exact site of the lesion 
producing tracings of the right bundle branch 
block type following open heart surgery, the 
electrocardiographic and _ vectorcardiographic 
changes are in all likelihood related to con- 
duction disturbance. If, in some instances, the 
right bundle branch block following open heart 
surgery results solely from ventriculotomy, 
certain concepts of “right bundle branch block’’ 


should be reconsidered. Since the right bundle. 


branch is not severed during ventriculotomy, 
the site of conduction delay must be more 
peripheral. Therefore, the use of the term 
“right bundle branch block’ does not clearly 
portray the nature of the conduction disturbance. 
A more suitable designation might be late 
right ventricular conduction disturbance. 
Criteria for Right Ventricular Hypertrophy in 
Presence of Right Bundle Branch Block: In the 
present report, Milnor’s® criteria for the electro- 
cardiographic diagnosis of right ventricular 
hypertrophy have been used: “QRS duration 
less than 0.12 second plus either a mean frontal 
plane axis from +110° to +180° or —91° to 
+180°, or R/S or R’/S ratio in V, greater than 
1.0 with R or R’ greater than 0.5 millivolt.” 


Fic. 4B. Seven days following cardiac surgery. There is a 
wide §S in leads 1, m1, Vs and Ve, a Q wave in V; and a 
broad R in the right precordial leads. The initial por- 
tions of the QRS complexes differ from the earlier 
record. QRS = 0.12 second. The initial portion of the 
centrifugal QRSsk loop is oriented less anteriorly than 
preoperatively. It is then inscribed to the right and 
anteriorly in a clockwise direction. The slowing is more 
distinct in the preterminal portion of the QRSsk: loop. 


Right bundle branch block is tentatively con- 
sidered as complete when the QRS duration is 
0.12 second or greater and incomplete if it is 
0.10 or 0.11 second. There are various criteria 
suggested for the diagnosis of ventricular 
hypertrophy in the presence of right bundle 
branch block. Barker and Valencia proposed 
that right ventricular hypertrophy coexists if 
R’ in the right precordial lead is greater than 
10 mm. in height in incomplete right bundle 
branch block,‘ and 15 mm. in height in complete 
right bundle branch block.® 

‘In forty-nine autopsied cases, Booth and 
associates’ evaluated the accuracy of the electro- 
cardiographic criteria for ventricular hyper- 
trophy in the presence of complete and in- 
complete right bundle branch block. Those 
patients with electrocardiographic tracings 
which met Barker and Valencia’s criteria for co- 
existing right ventricular hypertrophy frequently 
but not invariably displayed right ventricular 
hypertrophy at postmortem examination. The 
utilization of Méilnor’s criteria resulted in 
frequent overdiagnosis. They attempted to 
relate the height of R’ over the right precordium 
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Fic. 5A. Case 10. Ventricular septal defect. The pre- 
operative electrocardiogram is compatible with left ven- 
tricular hypertrophy and strain. QRS = 0.09 sec. 
The vectorcardiogram has features of combined ven- 
tricular hypertrophy. 


in right bundle branch block to autopsy findings 
and noted no correlation between the voltage 
and the preponderance of the left or right 
ventricle. 

These results are not surprising when one 
realizes the marked changes in QRS amplitude 
produced by right bundle branch block. 
Following the development of right bundle 
branch block, the amplitude of R or R’ may 
vary markedly. In the present series, the height 
of R’ in V, increased postoperatively in six 
patients and remained the same or decreased in 
seven. The use of a criterion based upon the 
increased amplitude of R’ in V, in the presence 
of complete or incomplete right bundle branch 
block provides difficulty since the height of the R 
wave is, in measure, due to unbalanced potential 


from the abnormally activated area and need 


not be due to hypertrophy. 

The value of the vectorcardiogram in 
differentiating right ventricular hypertrophy 
from right bundle branch block remains contro- 
Braunwald and _associates® 
measured the interval between the beginning of 
electrical activity and ventricular contraction 
during cardiac catheterization in fifteen patients 
with right ventricular hypertrophy, six with 
electrocardiograms of right bundle branch block 
without heart disease, and fifteen with right 
ventricular hypertrophy and electrocardiograms 
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Fic. 5B. Twenty months after cardiac surgery. There is a 
wide S in leads 1, 1, Vs and V6, andrSR’in V;. QRS = 
0.11 second. The major portion of the QRSsE loop is 
now normal. There is a small slowly inscribed ter- 
minal appendage oriented to the right and superiorly. 


of right bundle branch block. An anteriorly 
directed abnormally slowly inscribed terminal 
phase of the QRSsf loop was observed in all 
patients in whom there was a delayed onset of 
right ventricular contraction. 

However, Milnor® has stated that the vector- 
cardiogram neither improved the ability to 
recognize right ventricular hypertrophy nor 
clarified the relationship between right ven- 
tricular hypertrophy and right bundle branch 
block. He emphasized that while terminal 
slowing of the QRSsk: loop is the spatial analog 
of the slurred S in lead 1 and R’ in V, of the 
scalar electrocardiogram, it is not direct evidence 
of slowed intraventricular conduction. When 
the electrocardiogram showed the pattern 


designated as “complete right bundle branch 
block” the QRSsf loop almost always mani- 
fested abnormal slowing of some part of the loop. 
However, he did not believe it warranted to 
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assert that this slowing is therefore pathogno- 
monic of conduction delay in the bundle 
branches. 

In patients with vectorcardiographic loops 
that are characteristic for right ventricular 
hypertrophy,'® Miquel and collaborators,*® using 
intracavity leads, reported conduction defects 
of the right bundle branch. They stated that 
there is no loop rotation which might be 
considered as exclusively representative of right 
bundle branch block and concluded that it is 
impossible to confirm whether a_ particular 
curve corresponds to a bundle branch block 
lesion without experimental work. However, 
their suggested criteria require further evalua- 
tion particularly in patients with vectorcardio- 
graphic evidence of right bundle branch block, a 
group which was not included in the original 
study. They regard the electrical picture of 
pure hypertrophy as rare and that one always 
has to consider a degree of right bundle branch 
block. 

Significance of Slowed Inscription of Terminal 
QRS Loop: In the present series, the uniform 
vectorcardiographic change observed accom- 
panying the increased QRS duration was the 
appearance of the slowly inscribed late portion 
oriented to the right and usually anteriorly. 
The superimposed slowing was a_ constant 
feature even in the two vectorcardiograms in 
which the QRS duration did not exceed 0.09 
second postoperatively. In four of the thirteen 
patients in the present report, the QRS duration 
postoperatively was 0.10 or 0.11 second in 
duration. There were two tracings in which the 
QRS duration was 0.09 second postoperatively 
and 0.06 second preoperatively. In each of 
these instances, there was a significant incre- 


ment to QRS duration and obvious slowing in | 


the latter portions of the QRSsE loops in the 
vectorcardiograms recorded after surgery. One 
must assume that these represented examples of 
an incomplete form of conduction delay usually 
designated as the right bundle branch block 
type. They demonstrated the unreliability of 
relying upon a specific QRS duration as a 
criterion of “right bundle branch block” type 
conduction delay. These are not experiences 
peculiar to postoperatively recorded vector- 
cardiograms since vectorcardiograms recorded 
in spontaneously appearing right bundle branch 
block may be less than 0.10 second in duration 
and still evidence terminal slowing. 

Our vectorcardiographic results differ from 
those reported by Dickens and associates*® who 


studied four patients utilizing electrocardio-. 
grams and vectorcardiograms recorded before 
and after open heart surgery. Following the 
development of right bundle branch block 
postoperatively, they report changes in the 
vectorcardiogram as striking and uniform partic- 
ularly in the horizontal plane. They stated 
that when the clinical picture suggested co- 
existing right bundle branch block and right 
ventricular hypertrophy, the vectorcardiograms 
demonstrated the predominant lesion only. 
However, in two of the three instances in which 
the cube technic was employed, the preoperative 
tracings in the horizontal projection were 
inscribed in a normal direction without evidence 
of right ventricular hypertrophy. Post- 
operatively, a terminal appendage appeared 
directed to the right and anteriorly with as- 
sociated conduction delay. In their third 
instance (Case 4), reversal appeared from the 
initial clockwise direction in the horizontal 
projection recorded preoperatively to a narrow 
counterclockwise loop with terminal appendage 
postoperatively. This experience appears in- 
sufficient to justify any broad conclusions. 

In the present report, serial vectorcardio- 
grams obtained preoperatively in patients with 
right ventricular hypertrophy and in whom 
right bundle branch block developed following 
surgery, revealed a gradual reversal in the direc- 
tion of inscription in the horizontal projection. 
The change was from clockwise to counter- 
clockwise as the degree of right ventricular 
hypertrophy became less prominent. The slowly 
inscribed terminal phase persisted in these serial 
records. 

It is not possible to relate any electrocardio- 
graphic deflection or vectorcardiographic in- 
scription to specific portions of the myocardium 
unless a limited area is depolarized while the 
rest of the heart is in the resting state. It is 
more accurate to consider any evidence of 
electrical activity recorded in the ~ indirect 
leads used in clinical vectorcardiography and 
electrocardiography as indicating the resultant 
of the spread of the wave of electrical activity 
over varying portions of both the right and left 
ventricles simultaneously. Of prime importance 
is the direction of spread, the magnitude of the 
forces generated, and the time course of this 
activity. It is the resultant of these vector 
sums which is available for electrocardiographic 
and vectorcardiographic recording. Neither 
technic permits localization of the individual 
source of these potentials nor the relative con- 
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tribution of one ventricle separately from another, 
or a portion of any individual ventricle as 
opposed to another portion of the same ventricle. 
Thus, the late slowing in the vectorcardiographic 
tracing cannot represent the spread of the 
wave or electrical activity over one specific 
area unless at that time no other area is acti- 
vated. 

Whether the cause for right bundle branch 
block is a discreet calcific or circulatory lesion 
of the right bundle branch, experimental inter- 
ruption of the right bundle branch, damage to 
the right bundle branch during closure of a 
ventricular septal defect, or an extensive incision 
in the right ventricle is apparently not a 
crucial point of difference. The common 
feature is an area of right ventricular myo- 
cardium which is activated late and not via the 
usual conducting route. Most questions arise 
when right ventricular hypertrophy is also 
present since the forces are already directed 
anteriorly and to the right in many of these 
patients. ‘The added presence of the lesion of 
the right bundle branch block type would be to 
slow the spread of the wave of activation. This 
may be partially overbalanced by other con- 
tributions of potential. As in the present 
report, both lesions can be present and the 
features of one be partially obscured by the 
other. . 

Relative Diagnostic Value of Electrocardiogram 
and Vectorcardiogram: The presence of late 
slowing oriented to the right and anteriorly in 
the QRSsE loop would appear to be good 
evidence of conduction delay of the right 
bundle branch block type. In most instances, 
i.e., eleven of the thirteen in this series, this is 
accompanied by QRS durations of 0.10 second 
or greater, but can be seen even with a QRS 
duration of 0.09 second. However, although 
the conduction delay is evident, the problem 
arises as to the possibility of also diagnosing 
right ventricular hypertrophy in the presence of 
right bundle branch block. This is difficult, 
but is suggested when the loop is grossly dis- 
placed anteriorly and to the right with clock- 
wise inscription. It must be added that this 
direction of inscription can infrequently be 
seen even in the absence of right ventricular 
hypertrophy and when only right bundle branch 
block is present. 

In the limited number of cases presented in 
this report, the electrocardiographic and vector- 
cardiographic tracings recorded preoperatively 
revealed no evidence of termina! conduction 
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delay of the right bundle branch block type. 
Postoperatively, the electrocardiograms revealed 
prolongation of the QRS duration. The evidence 
of right ventricular hypertrophy in the electro- 
cardiograms was generally masked by the ap- 
pearance of intraventricular block. The vector- 
cardiogram offered better evidence of the 
combination of right ventricular hypertrophy 
and terminal conduction delay. This was 
particularly true when the degree of right 
ventricular hypertrophy was sufficiently marked 
so that the major portion of the loop was in- 
scribed to the right and anteriorly in a clock- 
wise direction in the horizontal projection. 
The addition of terminal conduction delay was 
evidenced by the appearance of terminal slow- 
ing on the centripedal limb with the remaining 
major characteristics of right ventricular hyper- 
trophy in the vectorcardiogram persisting. The 
terminal conduction delay did not mask the 
presence of right ventricular hypertrophy, and 
by serial records, the degree of right ventricular 
hypertrophy could still be determined. 
Alteration of Initial Part of QRS Loops: Dodge 
and Grant*® state that in every published 
example of experimentally induced right bundle 
branch block,!*:*'-** the first part of the QRS 
complex is altered. However, in instances of 
clinical right bundle branch the 
initial part of the QRS complex has been noted 
to be spared from the changes produced by the 
conduction disturbances. In the vectorcardio- 
grams in the present series, the initial portions 
of the QRSsf loop often remained unaltered 
although the QRS sparing effect was variable. 
This variability in QRS sparing may be due to 
several factors. It has been estimated*® that 
90 per cent of the electrical forces associated 
with activation of the myocardium are canceled 
by opposing potentials. If that portion of right 
ventricular myocardium which should be acti- 
vated early and therefore contribute to early 
QRS potentials is activated later because of 
conduction disturbance, the alteration in QRS 
potentials should be early as well as late. The 
late changes are manifested by the grossly 
apparent S wave in leads 1 and V¢, and R’ in 
V;, since these represent essentially unopposed 
vector forces. The early changes are less 
apparent, since the QRS complex represents 
contributions from many different areas of the 
heart of which the delayed portion of right 
ventricular myocardium may be only a small 
component. The degree of QRS sparing will 
therefore depend on the magnitude and direc- 
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tion of the electrical forces normally contributed 
by the portion of right ventricle undergoing 
activation. 

SUMMARY 


Preoperative and postoperative electrocardio- 
grams and vectorcardiograms were analyzed 
in patients in whyvm late conduction delay of the 
right bundle branch block type developed 
following open heart surgery for the repair of 
ventricular septal defects. In the presence 
of right bundle branch block, the electrocardio- 
graphic diagnosis of right ventricular hyper- 
trophy is often difficult. Vectorcardiograms 
are helpful in detecting the right ventricular 
hypertrophy in these instances. Following 
successful cardiac repair of the septal or valvular 
lesions producing right ventricular hypertrophy, 
there was often a gradual decrease of the height 
of R or R’ in the right precordial leads in the 
electrocardiogram, and a gradual shift of the 
QRSsf loop to the left with eventual reversal 
of the direction of inscription from clockwise 
to counterclockwise. A slowly inscribed late 
portion of the QRSsE loop to the right and an- 
teriorly is the most important criterion for con- 
duction delay of the right bundle branch block 
type. The possible mechanisms for the ap- 
pearance of late conduction delay of the right 
bundle branch block type following cardiac 
surgery are discussed. 
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Factors in Myocardial Rupture 


An Analysis of Two Hundred and Four Cases at Los Angeles 
County Hospital between 1924 and 1959* 


GeorGE C. GRIFFITH, M.D., F.A.C.C., BALAKRISHNA HEGDE, G.C.1.M., M.S. (MED.) and 
RosBert W. OBLATH, M.D. 


Los Angeles, California 


N INCREASE in the incidence of rupture 
following myocardial infarction has been 
reported in the past few years. Some investi- 
gators'~* suggest that the widespread use of 
anticoagulants may be implicated in this ap- 
parent increase. Comparison of a series of 
cardiac ruptures occurring in patients hospi- 
talized at the Los Angeles County Hospital 
between November 1951 and Jaunuary 1, 1960, 
with ruptures occurring at the same institution 
during two earlier periods (July 1924 to August 
1941,4 and August 1941 through October 19514) 
affords us an opportunity to evaluate conditions 
leading to rupture in the three periods, and 
any changes in the incidence thereof (Table 1). 


INCIDENCE 


In 57,162 routine autopsies performed at the 
Los Angeles County Hospital between July 5, 
1924, and January 1, 1960, 3,103 hearts (5.5 per 
cent) had one or more unhealed infarcts. 
Cardiac rupture had occurred in 215 instances 
(6.9 per cent of myocardial infarcts, 0.4 per cent 
of all autopsies in that interval). Detailed 
information is available for 204 of the cases of 
cardiac rupture. 

In a report based on the first 25,000 autopsies 
of this series, Edmondson and Hoxie‘ noted that 
266 myocardial infarctions had occurred among 
the initial 12,500 autopsies (2.1 per cent), 
and 599 infarctions were recorded among 
the second 12,500 autopsies (4.8 per cent). 
Seventy-two ruptures had occurred among the 
865 infarctions, an incidence of 8.3 per cent. 

Myocardial ruptures occurring at the same 
institution during a series of 13,665 additional 
autopsies were reviewed by Oblath, Levinson 


and Griffith’ in 1952. Again, the proportion of 
hearts with unhealed myocardial infarcts had 
increased (1,026 instances, or 7.6 per cent of all 
autopsies in this interval). Eighty ruptures of 
the ventricular wall and eleven interventricular 
septal perforations had occurred, a combined 
incidence of 8.9 per cent. 

Even distribution of these ruptures among the 
myocardial infarcts suggested to these authors 
that frequency of rupture bears a constant 
relationship to the incidence of myocardial 
infarction. Additional material available at 
the present time indicates that there is no such 
relationship between the incidence of myo- 
cardial infarction and that of myocardial rup- 
ture. In a final study of 18,507 consecutive 
autopsies reported in this paper, 1,212 acute 
infarcts were noted (an incidence of 6.5 per 
cent), but only fifty-two ruptures occurred (4.3 
per cent of the myocardial infarcts). Of the 
fifty-two ruptures, forty-four were ruptures of the 
ventricular wall, and eight were interventricular. 


AGE, SEX AND RACIAL STOCK 


Age and Sex: Only two of the 204 patients in 
this combined series were less than 50 years old 
at the time of cardiac rupture (Fig.-1). This 
finding is consistent with the reports of other 
investigators and suggests that the clinician 
need have little fear of ventricular rupture or 
interventricular perforation in patients under 
the age of 50. Age distributions are quite 
different in atrial rupture: of the fifty-five cases 
collected by Clowe, Kellert and Gorham,® 
roughly forty-eight occurred before the age of 
40. No atrial or interatrial rupture was noted 
in our series. 


* From the University of Southern California School of Medicine and Los Angeles County Hospital, Los Angeles> 


California. 
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TABLE I 
Incidence of Autopsies, Myocardial Infarction, and 
Cardiac Rupture in Four Periods|between July 5, 1924 
and January 1, 1960 (Los Angeles County Hospital) 


Cardiac 
Ruptures 


Myocardial 
Infarctions 


No. of 


Interval Autopsies 


Per Cent of 
Myocardial 
Infarcts 


1924-1941 


1941-1951 
1951-1959 


Although the incidence of myocardial in- 
farction is almost invariably reported to be 
higher among men than in women (for excep- 
tions, see references 7, 8), our material indicates 
that cardiac rupture is more likely to occur in 
women [110 women (53.9 per cent), 94 men 
(46.1 per cent) ]. 


PERCENT OF TOTAL 


(40-8) GO-9) ( 


AGE 


(1941-1951!) 


Race: Information as to race was available for 
132 patients with rupture. Of these, 129 were 
Caucasian and only three were Negro. The 
ratio of Caucasian to Negro admissions to the 
Los Angeles County Hospital for all causes is 
approximately 2:1. Myocardial infarction is 
relatively infrequent among Negro patients; 
however, with Negro patients accounting for 
under one-tenth of the patients with myocardial 
infarcts, rather than the one-third which might 
be anticipated on the basis of hospital admis- 
sions. Inasmuch as only three Negro patients 
were among the 129 patients with cardiac rup- 
ture for whom we have information as to race 
(an incidence of 2.3 per cent), we conclude that 
cardiac rupture is rare in the Negro patient. 


PATHOGENESIS OF RUPTURE 


As Edmondson and Hoxie‘ have shown, the 
anterior descending branch of the left coronary 
artery is most frequently involved: after its 
occlusion, ruptures are fairly common in all 
portions of the ventricles and septum save the 
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Fic. 1. Age distribution in 204 cases of cardiac rupture (Los Angeles County Hospital 1924-1959). 
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TABLE 
Complications During Myocardial Infarction in Fifty- 
two Patients Whu Suffered Rupture of the Ventricular 
Wall or Interventricular Septum (Compared with 200 
Patients with Myocardial Infarction) 


R f th Total of 200 
Septal Cases without 
aid Rupture Myocardial or 
Complication Septal Rupture 
Per Per Per 
No. Cent No. Cert No. Cent 
Diabetes 6 13.6 2 25.0 33 16.5 
Shock 6 13.6 2 25.0 53 26.5 
Failure 2 4.6 we 100 50.0 
Arrhythmia 1 2.3 52 26.0 
Hypertension 7 16.0 2 25.0 71 35.5 


posterior portion of the right ventricle. The 
great majority of myocardial ruptures occur in 
the left ventricle, with involvement of the an- 
terior surface approximately three times as 
common as involvement of the posterior sur- 
face.*!° When interventricular septal rupture 
occurs, the anterior descending branch of the 
left coronary or the right coronary are involved 
with equal frequency.‘ 

Stress: A number of mechanisms have been 
implicated in the pathogenesis of rupture. The 
elastic properties of infarcted muscle clearly 
differ from those of normal myocardium." 
During systole, paradoxical pulsation at the 
site of the infarct increases the systolic radius, 
producing a thinning of the ventricular wall at 
the site of the infarct. The point of maximum 
stress occurs in the twisted fibers lying between 
the infarcted tissue and adjacent normal 
muscle.'' In the presence of a full thickness 
infarction of the ventricular wall, unresolved 


stresses produced by the contraction of normal’ 


adjacent musculature may initiate a dissection 
of the 

Lowe’s" observations of the muscle bundles 
of the heart suggest that rupture depends to 
some extent on the point at which tearing is 
initiated. Although tears of the myocardium 
probably occur in most instances of infarction, 
continuation of the tearing process until the 
entire thickness of the wall has been breached 
must depend upon the plane in which the tear 
is initiated,’* as well as on the presence of a 
full-thickness infarct without substantial fibrosis. 

A high concentration of leucocytes and pro- 
teolytic enzymes at the junction of infarcted 
and normal muscle may further weaken the 
collagenous structure of the muscle wall.411.1617 


Edmondson and Hoxie‘ and Wessler, Zoll and 
Schlesinger’® noted a significantly lower inci- 
dence of gross scarring in ruptured compared 
with unruptured hearts. In Edmondson and 
Hoxie’s series, only one in twenty-five of the 
infarcted hearts which contained scars ruptured, 
whereas one in six of the unscarred hearts 
ruptured. Because of the great increase in 
collateral circulation in scarred hearts, subse- 
quent areas of infarction are less likely to be 
soft and friable. Fibrous elements may be 
resistant to ischemia and furnish support to the 
necrotic muscle. 

Hypertension: Another mechanism which is 
believed to be important in the pathogenesis of 
rupture is elevation of intraluminal pressure, 
whether produced by physical activity, hyper- 
tension or valvular lesions." The relationship 
between hypertension and cardiac rupture has 
been noted in many investigations; in some 
series, rupture following myocardial infarction 
has been two to three times as common in hyper- 
tensive patients as in their normotensive counter- 
parts. Ruptures occur especially in hearts of 
patients with hypertension persisting after 
myocardial infarction, rather than with the 
usual fall in blood pressure.*5!5 Histories of 
hypertension were difficult to establish for our 
patients; for the majority, this was the first 
hospital admission, and few were able to give 
detailed information substantiating pre-existing 
hypertension. In the series of forty-four pa- 
tients with rupture of the myocardial wall 
autopsied between November 1951 and January 
1960, nine (20 per cent) had a previous history 
of hypertension but were normotensive following 
the acute episode of myocardial infarction; 
seven (16 per cent) remained hypertensive to 
the time of rupture. Septal ruptures occurred 
in eight patients during this interval; two 
(25 per cent) were hypertensive at the time of 
rupture (Table 1). 

Three factors intimately interrelated with 
hypertension in the pathogenesis of cardiac 
rupture are (1) size of the heart, (2) size of the 
infarct and (3) softening of the infarct. The 
proportion of ruptures is highest in patients with 
small hearts and hypertension; hypertrophied 
hearts in patients who had low or normal blood 
pressure after infarction are least likely to 
rupture.‘ The height of intraventricular pres- 
sure varies inversely with the size of the infarct; 
few hearts with infarcts larger than 50 sq. cm. 
are capable of supporting an elevated blood 
pressure. A soft, friable infarct may rupture 
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TABLE II 


Elapsed Time from Clinical Onset of Infarction to Hos- 
pital Admission [Fifty-two Patients (1951-1959)] 


TABLE Iv 


Elapsed Time from Myocardial Infarction to Rupture 
[Fifty-two Patients (1951-1959)] 


Admission Days 
Post- 
7-12 infarction 
(1-21) 


Group 


Hours 


Myocardial 
rupture 
(44 cases) 

Septal rup- 
ture (8 
cases ) 


with normal blood pressure, whereas a small, 
spotty infarct usually requires heightened intra- 
ventricular pressure for rupture. Edmondson 
and Hoxie‘ found a blood pressure of 140/90 
mm. Hg or over in 63 per cent of sixty-two 
patients who died of cardiac rupture. 

Activity: Previous studies have suggested a 
definite relationship between activity following 
myocardial infarction and myocardial rupture. 
Jetter and White’ found sixteen instances 
(72.7 per cent) of rupture of the heart in a total 
of twenty-two autopsied cases of acute myo- 
cardial infarction in mental institutions. The 
implication is that continued activity by these 
patients with unrecognized myocardial infarc- 
tion was an important factor in rupture of their 
hearts.. We have attempted to assess the im- 
portance of activity in the immediate postinfarc- 
tion period by analysis of the number of hours or 
days postinfarction that the patient was ad- 
mitted to the hospital. Presumably, early ad- 
mission would assure a greater restriction of 
activity. Of the forty-four patients who had 
rupture of the ventricular wall during the 1951-— 
1959 period, 48 per cent (twenty-one of the 
forty-four) were admitted to the hospital within 
6 hours of clinical evidence of infarction: aver- 
age survival for these patients was 9 days after 
hospital admission. In a second group of 
patients twenty-five per cent (eleven of forty- 
four) reached the hospital a minimum of 24 
hours after clinical onset of infarction: members 
of this group survived an average of 2.6 days. 
From these findings we may infer that complete 
rest in the immediate postinfarction period in- 
creased length of survival in the patients in this 
series (Tables 111 and tv). 

Anticoagulant Therapy: Should the administra- 
ion of anticoagulants be restricted in patients 
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Within 24 Hours of 
Infarction Days 
Post- 
infarction 
7-12 (1-30) 


Hours 


Myocardial 
rupture 
(44 cases) 

Septal rup- 
ture (8 
cases ) 


convalescing from acute episodes of myocardial 
infarction because of the possibility that cardiac 
tamponade may develop? It is to be noted 
that in all of the fifty-two patients with myo- 
cardial rupture twenty-two or 42 per cent were 
receiving adequate anticoagulant therapy, while 
thirty or 58 per cent did not receive any anti- 
coagulant. Of the eighteen patients receiving 
anticoagulant therapy during the 1951-1959 
interval, and later dying of cardiac rupture, 
fourteen (78 per cent) showed evidences of 
cardiac tamponade, whereas only four (15 per 
cent) of twenty-six patients who received no 
anticoagulants had cardiac tamponade. How- 
ever, it is extremely difficult to determine 
whether the patient actually suffered hemoperi- 
cardium secondary to anticoagulant therapy, 
or whether cardiac rupture was responsible for 
the tamponade. We must bear in mind that 
anticoagulant administration has halved the 
death rate in the first 6 weeks after myocardial 
infarction.” Although the physician should 
be alert to the possibility of cardiac tamponade 
in patients who are receiving anticoagulants 
after acute myocardial infarction, the benefits 
are such that administration of anticoagulant 
drugs certainly should not be discontinued when 
otherwise indicated. The development of car- 
diac tamponade in these patients is not nec- 
essarily fatal, as the following case reports 
illustrate. 


Case 1. A 61 year old man was admitted to the 
hospital 4 hours after the clinical onset of a second 
myocardial infarction. Thirty-six hours after admis- 
sion anginal painrecurred. At this time the clinician 
noted that the patient was going into shock; pulse 
was rapid and small, pulse pressure decreased and 
neck veins pulsated. At that time the prothrombin 
time was 26 per cent of normal. 


Hours ‘ 
Hours 
10 
10 26 
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TABLE V 


Location of Infarcts in Forty-four Patients Suffering 
Rupture of Myocardial Wall (1949-1958) 


Site of Site of 
Anatomic Infarction as Rupture as 
Location Identified Verified at 
from ECG Autopsy 
No ECG available 8 te 
Anterior left ventricle 
Entire anterior wall 4 6 
Anterior wall and 
adjacent septum 15 11 
Anterior apical 1 6 
Anterior lateral 2 4 
Anterior basal 1 0 
Posterior left ventricle 
Entire posterior wall 5 9 
Posterior wall and 
adjacent septum 0 0 
Posterior apical 0 2 
Posterior lateral 3 3 
Posterior basal 3 2 
Left ventricle, specific 
location not stated 1 
Old myocardial infarc- 
tion only 1 0 
Normal 1 0 


A diagnosis of cardiac tamponade was entertained. 
Vitamin K, oxide was administered intravenously. 
A pericardial paracentesis was performed and 380 
cc. of bright red blood was removed from the peri- 
cardial sac. This blood coagulated very slowly. 
The pulse rate slowed and blood pressure widened to 
120/80 mm. Hg. Pulsation of neck veins diminished 
markedly. The patient made an uneventful recovery 
and was alive 9 months following the episode. 


CasE 2. A 66 year old man was admitted to the 
hospital in mild shock 4 hours after the onset of 
severe substernal pain. A survivor of two previous 
episodes of myocardial infarction, this patient had 
two healed infarcts—the first on the diaphragmatic 
surface of the left ventricle, and the second located on 
the posterolateral wall. 

Nine hours after admission to the hospital, pain 
in the chest recurred, the pulse became very rapid 
with very small pulse pressure (90/86 mm. Hg), the 
neck veins became distended and the face suffused. 
A prothrombin time was 28 per cent of normal. 

Three hundred cubic centimeters of blood were re- 
moved from the pericardial sac without lessening evi- 
dences of cardiac tamponade. A thoracotomy was 
performed, the pericardial sac was opened and the 
hemorrhage was found to originate from a myo- 
cardial tear near the septum. Before repair could be 
attempted, the heart went into ventricular fibrilla- 
tion and the patient died. 


In Case 1 hemopericardium may have been 
secondary to anticoagulant therapy, and was 
adequately treated by administration of vitamin 
K, oxide and pericardial tap. In Case 2 death 
was due to ventricular fibrillation following 
cardiac rupture. 


CORRELATION BETWEEN ELECTROCARDIO- 
GRAMS AND SITE OF RUPTURE 


Antemortem electrocardiograms taken dur- 
ing the episode of acute infarction are available 
for thirty-five of forty-four patients with rupture 
of the myocardial wall hospitalized during 
1951-1959. In Table v, location of the infarct 
as indicated by the electrocardiogram is com- 
pared with autopsy findings. Of the eight cases 
of interventricular septal rupture recorded dur- 
ing this interval, in five instances the electro- 
cardiogram was consistent with infarction of the 
anterior wall and interventricular septum, and 
in one instance suggested infarction of the 
anterior wall of the left ventricle. One electro- 
cardiogram apparently was within normal limits, 
and no electrocardiogram was available for the 
eighth patient. As a group, the electrocardio- 
grams were a fairly reliable indicator of the site 
of rupture. 


TIME OF RUPTURE 


Rupture of the heart is most likely to occur 
during the second through the tenth day after 
infarction. The occasional occurrence of rup- 
ture later in the postinfarction period is ex- 
plained by the appearance of new areas of 
necrosis despite simultaneous healing in other 
areas.'5 In the eight-year period 1951-1959, 
eighteen of the forty-four patients with perfora- 
tion of the myocardial wall (40.9 per cent) died 
within 24 hours of the infarctions. Patients 
with interventricular ruptures usually survived 
the first 24 hours after infarction. 


DIAGNOSIS OF CARDIAC RUPTURE 


Development of a small septal perforation is 
not incompatible with survival; patients are 
known to have lived for months or even years 
after perforation has occurred.*?!°? In some 
instances the septal perforation may close with- 
out operative intervention. Because patients 
with perforation of the interventricular septaf 
wall generally live for some time after the per- 
foration has occurred, operative correction ol 
the defect is possible if the correct diagnosis is 
made. Inasmuch as the symptoms of perfora- 
tion of the septum following infarction are 
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relatively clear cut, it is surprising that the 
condition is rarely diagnosed antemortem. 
Septal perforation should be suspected in the 
patient who has suffered a recent infarction by 
the sudden development of a loud precordial 
systolic murmur, closely resembling that of a 
congenital interventricular septal defect, to- 
gether with a precipitous decline in the patient’s 
condition and signs of peripheral collapse with 
predominantly right-sided heart failure. The 
murmur is heard most clearly in the lower left 
parasternal area and radiates over the pre- 
cordium with diminishing intensity. The 
following case is typical. 


Case 3. A 54 year old man with a history of pre- 
vious myocardial infarction, but without significant 
electrocardiographic changes, was hospitalized for 
incipient myocardial infarction following 10 days of 
recurring pain in the chest. On the fourth day of 
hospitalization the patient went into shock with evi- 
dences of right-sided heart failure, development of a 
thrill along the left sternal border at the third inter- 
space, and a grade 4 pansystolic murmur. No signifi- 
cant alteration in the heart tones was noted. Ad- 
ministration of anticoagulants was continued and the 
patient was digitalized. Recovery from the heart 
failure resulted; the murmur lessened in intensity. 
The patient was discharged from the hospital and is 
mildly active physically 1 year after myocardial in- 
farction. 


SUMMARY 


The total analysis of 204 cases of myocardial 
rupture which occurred in the Los Angeles 
County Hospital was reported. Myocardial 
rupture rarely occurs under the age of 50 years. 
Although the incidence of myocardial infarction 
invariably is reported to be higher among men 
than women our material indicates that cardiac 
rupture is somewhat more likely to develop in 
women [110 women (53.9 per cent), ninety-four 
men (46.1 per cent)]. Myocardial rupture is 
relatively rare in Negro patients. 

In our material reasonably good correlation 
was obtained between electrocardiographic 
indication of acute myocardial infarction and 
necropsy incidence of myocardial necrosis. 
As was anticipated, myocardial rupture occurred 
at or immediately adjacent to the site of necrosis. 
Ordinarily, myocardial ruptures occur in the left 
ventricle. In our series the most frequent site 
of rupture was in the anterior wall, especially at 
the junction of the anterior wall and the septum. 

Average survival time for twenty-one patients 
admitted to the hospital within 6 hours of the 
clinical onset of myocardial infarction was 9 
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days, whereas average survival time for twenty- 
one patients hospitalized 7 hours or longer after 
the myocardial infarction was only 2.6 days. 
The longer survival time for patients hospitalized 
within the first 6 hours may be due to greater 
restriction of their activity in the immediate 
postinfarction period. Death usually is im- 
mediate in ventricular rupture, whereas in the 
interventricular septal rupture most of the 
patients survive a few days. 

In the final 8 years and 3 months of our survey, 
the incidence of rupture following myocardial 
infarction has undergone a sharp decrease at the 
Los Angeles County Hospital. This decrease 
is presumably due to better management of the 
acute episode of myocardial infarction and 
more particularly to the use of vasopressor 
drugs and anticoagulants. Anticoagulants did 
not increase the incidence of the rupture but 
cardiac tamponade is relatively frequent in 
patients with myocardial rupture maintained 
on anticoagulants. The physician must be 
alert for signs of tamponade (i.e., pulsating neck 
veins, increase in cardiac dullness) because 
tamponade can be managed surgically. Except 
for the reduced incidence of myocardial rupture 
in the period of survey, the findings are in agree- 
ment with earlier reports from the same hospital. 
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Acute Myocardial Infarction 


in a City Hospital 


Vv. # ollow-up Study of One Hundred Thirty-one Survivors* 


BENJAMIN A. ROSENBERG, M.D. and MONTE MALACH, M.D. 


Brooklyn, New York 


‘| HE PRESENT REPORT is concerned with the 
follow-up study of the 131 survivors of 
acute myocardial infarction discharged from 
Medical Service B of the Kings County Hospital 
between July 1, 1954, and June 30,1955. The 
clinical features, -experiences with anticoag- 
ulants, treatment of shock and clinical patho- 
logic correlations in the total group of 262 
patients (264 infarctions) observed in that year 
have been reported previously.'~* 


METHODS AND MATERIALS 


The Special Cardiac Clinic was established in July 
1957 at the Kings County Hospital, in order to follow 
survivors of acute myocardial infarction discharged 
from Medical Service B of the Kings County Hospital. 
Letters of explanation, with a reply card and an 
appointment card, were sent to the survivors on the 
third anniversary of discharge. Personal contact by 
telephone was attempted when no reply card was re- 
ceived. In these instances in which there could be no 
follow-up examination or death was known to have 
occurred, a search was conducted by the Bureau of 
Vital Statistics of the Department of Health. Since 
New York City has reciprocity with all other states 
in the reporting of deaths, patients with no certifi- 
cates on file were presumed to be alive. 

Those patients who appeared at the clinic under- 
went the following studies: history-taking, physical 
examination, laboratory investigation consisting of 
oentgenogram of the thorax, twelve-lead electro- 
‘ardiogram, and blood sugar, urea nitrogen and 
-holesterol. These same procedures were repeated at 
vearly intervals. 

Five years after discharge another attempt was 
made to locate all those known survivors who had 
not appeared in the clinic in this period. The present 
‘port details the findings at 3 and 5 years post dis- 
charge, respectively. 


OBSERVATIONS 


CLINICAL CHARACTERISTICS 


The 131 survivors of acute myocardial in- 
farction of the period July 1, 1954, through June 
30, 1955, inclusive, previously reported'~* 
comprised ninety men and forty-one women with 
a white to nonwhite ratio of 125:6. Decade of 
onset of the infarction was as follows: fourth 
decade in four, fifth in eleven, sixth in twenty- 
nine, seventh in fifty-one, eighth in twenty-nine 
and ninth decade in two. The previous history 
revealed coronary artery disease (angina pectoris 
or myocardial infarction) in ninety-three, con- 
gestive heart failure in fifty-eight, hypertension 
in thirty-seven and none of the foregoing in 
nineteen. Cardiomegaly was demonstrated 
during hospitalization in fifty-one of seventy-one 
patients in whom thoracic roentgenograms 
were available. Location of the infarction in 
119 of the 131 survivors was as follows: an- 
terior wall in fifty-nine, posterior wall in forty- 
nine, anterior and posterior walls in three and 
subendocardial in eight. 


DEATHS 


The mortality rate at five years after discharge 
in this group of 131 survivors of 264 attacks of 
acute myocardial infarction was 49 per cent, 
comprising sixty-four patients. Of the latter, 
thirty-seven (28 per cent) died in the first year, 
thirteen (9.9 per cent) in the second year, seven 
(5.3 per cent) in the third year, two (1.5 per 
cent) in the fourth year and five (3.8 per cent) 
in the fifth year. Excluding the twenty-nine 


+ Percentages of entire group of 131. 


* From the Department of Medicine of the State University of New York, College of Medicine, Downstate Medical 


Center, and the Medical Service and Special Cardiac Clinic, Service B of Kings County Hospital Center. 


This study 


was aided by grants from Ciba Pharmaceutical Products, Inc., courtesy of Dr. F. J. Vinci. 
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TABLE I TABLE 
Place of Death of Survivors of Year 1954-1955 Cause of Death in Sixty-four Patients 
Years Postinfarction Cause No. 
Place Noncardiac 
3 5 Cerebrovascular accident 2 
Pneumonia with uremia 1 
Kings County Hospital 16 19 1 
Other hospitals 25 26 Murd gangrene 1 
Public and other places 1 4 raieued 
No data 1 3 Total 7 
Total 54 64 Unknown 5 
Cardiac 

survivors with previous myocardial infarction, Acute coronary occlusion/myocardial 
the 5-year mortality rate was 38 per cent. Per gens EE 37 
Place of death was the home in twelve cases, 

Congestive heart failure secondary to 

Kings County Hospital in nineteen, other hos- coronary artery disease /hyperten- 
pitals in twenty-six, a public place in four and sion 11 
unknown in one (Table 1). Total 52 

The cause of death in seven of the sixty-four 


patients was noncardiac: cerebrovascular acci- 

dent in two, pneumonia in one, pulmonary tality was similar (cir. 50 per cent) in the sub- 
thromboembolism in one patient and murder in groups with pre-existing coronary artery disease 
one (Table 1). In the fifty-seven remaining (angina and/or myocardial infarction), con- 


patients, acute coronary occlusion and/or my- gestive heart failure and hypertension as well 
ocardial infarction was the cause of death in as in the entire group of 131 survivors of acute 
thirty-seven; this was combined with conges- myocardial infarction. Although the nineteen 


tive heart failure in four. Congestive heart patients with no previous history of cardio- 
failure secondary to coronary artery disease vascular disease demonstrated a lesser 5 year 
with or without hypertension, pneumonia or mortality rate than their counterpart (30 vs. 
pulmonary thromboembolism was responsible 52 per cent), the difference is not satistically 
in eleven. In five patients the cause of death significant (X’c(1) = 1.9, p < 0.5). Likewise, 


was unknown. the presence of cardiomegaly during hospitaliza- 

The relation of the previous history of cardio- tion for the acute infarction did not significantly 

vascular disease to time of death after discharge affect the 5 year survival rate (Table rv). 

was determined (Table 11). The 5 year mor- Similarly, there was no significant difference 
TABLE II 


Relation of Preinfarction History to Mortality 


Cardi \ No Coronary No Coronary 
Cardiovascular Artery Artery 
: Disease Di Di Di 
Mortality isease isease isease 
No % No % No % No % 
Deaths 
First year 32 29 5 25 28 30 9 24 
2 through 5 years 26 23 1 5 19 20 8 21 
Survivals 54 48* 13 70* 46 50t 21 55t 
Total 112 100 19 100 93 100 38 100 


* X%(1) = 0.96 p < 
P 


0.5 > 0.05. 
+ X%c(1) = 0.96 p < 0.5 > 0.05 
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TABLE IV 
Relation of Cardiomegaly* During Acute Infarction to 
Mortality 
No 
: Cardiomegaly Cardiomegaly 
Mortality 
No. % | No. % 
Deaths 
First year 16 31 5 23 
2 through 5 years 11 21 4 18 
Survivals 24 487 | 13 
Totals 51 100 22 | 100 


* X-ray films available in seventy-three of 131 sur- 
vivors. 


t X%c(1) = 0.44, p < 0.5 > 0.05. 


between the ultimate prognosis of those patients ~ 


with infarctions of the anterior wall and those 
with infarctions of the posterior wall. The 
numbers of patients with subendocardial and 
with combined anterior and posterior infarctions 
are actually too small for statistical analysis. 
A comparison of survival rate between the 
transmural and subendocardial infarction groups 
reveals no significant difference (X*c(1) = 0.25, 
p <0.95) (Table v). 

Analysis of the survival rates at both 1 year 
(X°c(1) = p < 0.05) and 5 years (X%c(1) = 
9.4, p < 0.01) reveals significant differences 
between those patients who sustained one or 
more myocardial infarctions prior to the acute 
one under consideration and those who did not 
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(Table v1). The groups without previous in- 
farction by history or electrocardiogram revealed 
a survival rate greater by more than twofold. 
On the other hand, the presence or absence of 
preexisting angina over 2 months’ duration did 
not significantly affect the 5-year survival rate 
(X%c(1) = 1.6, p< 0.5 > 0.05). 


SURVIVORS 


The disposition of the 131 survivors at 3 and 5 
years is presented in Table vu. As indicated 
previously, those patients presumed alive, com- 
prising of the total group, 21 per cent at 3 
years and 29 per cent at 5 years, are those who 
could not be traced and for whom no death 
certificate could be located at the Bureau of 
Vital Statistics after a careful search. 

Angina: At 3 years after discharge angina was 
noted in twenty-seven of thirty-seven patients 
(73 per cent); of these twenty-seven patients 
sixteen had not had this symptom prior to the 
acute infarction. Of the ten patients without 
angina at 3 years, four had this symptom pre- 
existing. At 5 years, angina was noted in 11 
of 18 patients (61 per cent); of these eleven 
patients six had not noted this complaint prior 
to the acute episode. Of the seven patients 
without angina at 5 years, two had this symp- 
tom pre-existing. 

Hypertension: At 3 years, hypertension was ob- 
served in eleven of thirty-seven patients (30 
per cent); of these eleven cases seven had no 
history of hypertension prior to the acute in- 
farction. Of the twenty-six patients without 


TABLE V 
Relation of Location of Acute Infarction to Mortality 


Electrocardiogram 
Anterior 
Mortality Anterior* Posterior ¢ and al 
osterior 
No % No % No. % No. % No. % 
Deaths 
First year 16 27 10 20 1 33 27 24 3 37.5 
2 through 5 years 14 24 10 20 0 0 24 22 2 25 
Survivors 29 49 29 60 2 67 60 54} 3 37.5} 
Total 59 100 49 100 3 100 111 100 8 100 


* Including anterolateral and anteroseptal. 


} Including posterolateral. 
t X%c(1) = 0.25, p < 0.95 > 0.5. 
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802 Rosenberg and Malach 
TABLE VI 
Relation of Preinfarction History to Mortality 
Previous No Previous Angina No Angina 
Infarction Infarction (over 1 month) (over 1 month) 
Mortality 
No. % No. | % No. % No. % 
Deaths 
First year 13 44* 20 19* 22 26 15 32 
2 through 5 years 8 28 19 19 16 19 11 23 
Survivals 8 28t 63 62+ 46 55f 21 45t 
Total 29 100 102 100 84 100 47 100 
* X’c(1) = 6.3, p < 0.05 > 0.01. 
t X*c(1) = 9.4, p < 0.01 > 0.001 
tX%(1) = 1.6, p < 0.5 > 0.05 


hypertension at 3 years, four had a prior history 
of this state. At 5 years, hypertension was 
noted in ten of eighteen patients; of these ten 
cases, seven had pre-existing normotension. 
By contrast, of the eight normotensive patients 
only one had a history of prior hypertension. 
Heart Failure: At 3 years, left heart failure was 
in evidence by query or physical examination in 
twenty-one of thirty-seven patients (57 per cent), 
of whom twelve had no such history prior to the 
acute infarction. Of the sixteen patients with 
no evidence of pulmonary congestion, two had 
a previous history of such. Five years after 
discharge, left heart failure was noted in five of 
eighteen patients (28 per cent), of whom two had 
no such history prior to the acute infarction. 
By contrast, of the thirteen patients without any 
evidence of left heart failure, one had prior 
pulmonary congestion. Congestive heart fail- 
ure as left-sided, right-sided or combined was 
evidenced in twenty-five of thirty-seven patients 


TABLE VII 
Disposition of Survivors of Year 1954-1955 


S 3 5 
Years Years 
Known Alive 49 29 
Appeared in clinic 37 18 
Under other care 2 3 
Too ill for clinic appearance 1 0 
Other reasons for no appearance 9 8 
28 38 
Presumed* alive 
Letter returned 17 19 
No reply 11 19 


* No death certificate on file. 


(68 per cent) 3 years after discharge and in six 
of eighteen patients (33 per cent) at 5 years. 

Cardiomegaly by physical or roentgenographic 
examination, at 3 years, was detected in twelve 
of twenty-six patients (46 per cent); of these 
twelve, five had a normal-sized heart during 
hospitalization for the acute infarction. Four- 
teen patients had no cardiomegaly, of these, 
five had an enlarged heart previously. At 
5 years post discharge, seven of nine patients 
(77 per cent) presented cardiomegaly; two of 
these seven patients had a normal-sized heart 
during hospitalization. Both patients with 
normal-sized cardiac shadows 5 years after 
their acute infarctions had demonstrated cardio- 
megaly during hospitalization. 

Coronary artery disease alone without preced- 
ing or concomitant hypertension or congestive 
heart failure or both appeared to be the sole 
factor responsible for the cardiomegaly observed 
in one of twelve patients at 3 years. Examina- 
tion 5 years after the acute infarction revealed 
a similar finding in two of seven other patients 
with enlarged hearts. 

The electrocardiogram 3 years later revealed no 
sign of previous infarction in three of twenty- 
three patients (13 per cent), although one of 
these three presented a normal tracing during 
hospitalization. The other two displayed signs 
of subendocardial infarction during the acute 
episode. Five years after discharge, one of 
five patients presented a normal tracing, this 
was also true at 3 years. 


COMMENTS 


Mortality: Twelve reports'—!® of 5-year mor- 
tality of survivors of an initial acute myocardial 
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Myocardial Infarction: Follow-up Study 803 
TABLE vir 
Summary of Reported 5-Year Mortality in Initial Myocardial Infarction 
Age at Discharge 
ears mmediate 
Author re Survival Time Patients | Mortality 
(months) (no.) (%) 
Median Mode Mean 
Bland and White (19415 56.7 1 162 51 
Billings et al. (1949) 55 60-69 60 1 143* 65 
Eckerstrém (1951)? 60.5 61-70 2 98t 66 
Smith (1953)8 53 50-60 are 1 85 34 
Cole et al. (1954)9 55 50-59 56.7 2 285 33 
Oslo City Hospitals (1956) 50 60-64 2 929t 50§ 
Weiss (1957)! 55 50-59 si 2 653 35 
Biérck et al. (1958)!* 60 60-69 60.9 6 635 37 
Burstein (1958)'8 55 50-59 After 127 31 
discharge 
Beard et al. (1960)'* 53 50-59 dint 2 427 31 
Juergens et al. (1960)'5 60 60-69 62 1 224 45 
Sigler (1960)'6 2 594 58 
Rosenberg and Malach (1961) 60 60-69 1 102 38 


* Fifty-six with previous infarction. 

+t Twenty-one with previous infarction. 
t Ninety-nine with previous infarction. 
§ Four-year mortality. 


about 60 per cent being due to recurrent acute 
infarction (with or without congestive heart 
failure) or sudden myocardial ischemia. 
Twenty per cent generally succumb to con- 
gestive heart failure (primarily) and a similar 
proportion to noncardiac causes. In two other 
series’:'® in the literature, the percentage of 
deaths due to cardiac causes is given as 90 per 
cent or above. Our proportion of 88 per cent 
was similar to this figure. 

Hypertension: The relationship of hypertension 
to coronary artery disease, particularly as re- 
gards prognosis, has received much attention 
in the literature. We briefly summarized the 


infarction present a range of 31 per cent® to 
66 per cent,’ with a mean of 45 per cent. The 
death rate of 38 per cent in 5 years in the present 
series is comparable. The prognosis would 
appear to. be more favorable after the first 
year of survival. Thus, in three reports in the 
literature, 28 per cent,'' 34 per cent® and 37 
per cent’? of the 5-year deaths occurred during 
the first year. In the present series this propor- 
tion was 51 per cent in those surviving their 
initial infarction and 62 per cent in those sur- 
vivors with a previous infarction. 

In general, °:*:°~'® there is some correlation 
between age at discharge and ultimate mortality 
as revealed in Table vin. 


However, exceptions 


are to be found in at least three series,’:* in- 


cluding the present. 


Comparison of the various 


reports is difficult because of the unavailability 
of mean ages in about half and statistical analy- 


sis in almost all. 


In one series,* there was no 


correlation between age at discharge and ulti- 
mate mortality up to age 60, while in another’ 


there was none at all. 


Place of Death: None of the twelve reports in 
tne literature just referred to present any data 


concerning the place of demise. 


In the present 


series over 70 per cent of the deaths occurred 


in the hospital. 


Causes of Death: Death in survivors of acute 
myocardial infarction is usually cardiac,?:"»1®:18 
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contrasting experiences in a previous paper! 
dealing with the acute myocardial infarctions 
of the patients included in the present report 
and observed a higher mortality (53 vs. 32 
per cent) during the acute episode in those 
who remained consistently normotensive. At 
5 years, there was an insignificantly lower mor- 
tality in those patients with no history of prior 
hypertension (47 vs. 53 per cent). Again the 
literature is controversial regarding the effect 
of pre-existing hypertension on 5-year mortality, 
with some authors’:?-!7 stating there is no 
adverse effect and others!*—'*.*° taking the op- 
posite view. However, these positions may be 
reconciled by noting the influence of associated 
advanced age with hypertension as well as the 
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lack of statistically significant differences in at 
least two such 

Pre-existing hypertension has been noted to dis- 
appear permanently after the acute infarction 
in about one-third to one-half of the patients. 
In this series this observation was made in four 
of eight such patients at 3 years and in one of 
four at 5 years. 

Angina: Angina prior to the acute infarction, 
according to Levine and Rosenbaum!® in an 
older publication and Burstein’ in a more re- 
cent one, does not adversely affect the long range 
outlook of survivors. By contrast, at least three 
other reports!®:4:'® demonstrate an increased 
mortality at 5 years in such survivors with pre- 
existing angina. In the present series there 
was no significant difference in the 5-year mor- 
tality between the groups with and without 
angina pectoris (45 vs. 55 per cent). 

According to Friedberg,?® angina pectoris 
occasionally disappears after an acute my- 
ocardial infarction. However, Burstein’ re- 
ported fourteen out of thirty-six patients to have 
lost these symptoms at 5 or more years after 
the acute infarction. In our experience slightly 
over a fourth of the patients seen at both 3 
and 5 years observed a loss of angina pectoris. 
On the other hand, this symptom appears for the 
first time in about a third’ to a half?® to two- 
thirds” of survivors of acute myocardial in- 
farction. In the present series, angina pectoris 
was noted for the first time in over one-half of 
patients observed at both 3 and 5 years with- 
out such pre-existing symptoms. 

Previous Infarction: Although most of this 
report and discussion centers around survivors 
of an initial myocardial infarction, the influence 
of a previous myocardial infarction on the long- 
term prognosis must*be considered. Thus, in 
the Oslo City Hospitals study’? the mortality 
rate 4 years after surviving of an acute myo- 
cardial infarction was 50 per cent in patients 
with no previous infarction and 57 per cent in 
those with such a history. In the present 
series the difference in 5-year mortality rates 
was even more striking and statistically sig- 
nificant (38 vs. 72 per cent, respectively). 
By contrast, the influence of a previous myo- 
cardial infarction on the acute prognosis is 
contradictory.?%” 

Congestive Heart Failure: The report of Juer- 
gens’ group is one of the few to mention the 
relation of pre-existing congestive heart failure 
to the long term prognosis of acute myocardial 
infarction. In their series, none of six such 


patients were alive at 5 years, whereas in the 
present series, eighteen of fifty-eight such patients 
survived to that point. However, our patients 
were diagnosed on the basis of history alone. 

Congestive heart failure develops in over a 
half the survivors of acute myocardial infarction 
judging by history”® and in about one-fourth 
by physical examination.”°*4 At 3 years similar 
observations were made in patients of the present 
series. However, at 5 years only 33 per cent 
of the cases presented evidence of congestive 
heart failure. This discrepancy can be re- 
solved partially by the fact that only half as 
many patients were seen at follow-up at 5 years 
as at 3 years. 

Cardiomegaly: In one study* only 2 per cent 
of 489 survivors of an initial myocardial infarc- 
tion demonstrated cardiomegaly by follow-up 
roentgenographic examination, and congestive 
heart failure was present in all eight cases. 
Heart size was within normal limits at the time 
of infarction in that study. One author”? states 
that cardiomegaly is present in more than half 
of the survivors of an acute infarction. In the 
present series the incidence of enlarged heart at 
3 and 5 years was 46 per cent and 77 per cent 
respectively, but sixteen of nineteen such pa- 
tients demonstrated congestive heart failure or 
hypertension or both. The infrequent oc- 
currence of cardiomegaly secondary to coronary 
artery disease alone is again demonstrated, as 
has been amply done in the past by others,?%5."4 
including the authors,‘ although contrary opin- 
ion” also exists. 

Electrocardiogram: ‘Two other studies!®:* be- 
sides the present one demonstrate the lack of 
influence of the location of the acute infarction 
upon the outcome at 5 years. However, it 
should be pointed out that the opposite appears 
to be true in the acute prognosis, as the anterior 
wall is involved two to four times as often in those 
dying with an acute myocardial infarction.‘ 

The electrocardiogram is said to return to 
normal in 276 to 15 per cent”? of cases within 1 
year of an acute myocardial infarction. In 
our series at 3 years, 13 per cent, and 5 years, 
20 per cent, of such survivors revealed no elec- 
trocardiographic evidence of myocardial in- 
farction. 


SUMMARY 
1. A 5-year follow-up study of 131 survivors 
of acute myocardial infarction in a city hospital 
during a 1-year period is presented. 5 
2. The mortality rate was 28 per cent at 1 
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year and 49 per cent at 5 years. Seventy per 
cent of the deaths occurred in the hospital. 
Eighty-eight per cent of deaths were due to re- 
current myocardial infarction and/or congestive 
heart failure. 

3. Pre-existing hypertension, angina pec- 
toris, or congestive heart failure, location of the 
acute infarction or cardiomegaly during hospi- 
talization, did not significantly affect the long 
range outcome. Previous myocardial infarc- 
tions adversely affected the 5-year survival rate 
of the acute infarction. 

4. Pre-existing angina pectoris was absent 
in one-fourth of cases 3 and 5 years after dis- 
charge, while pre-existing hypertension dis- 
appeared in one-half at 3 years and one-fourth 
at 5 years. 

5. Angina pectoris appeared for the first 
time in over half of the patients by 3 and 5 years 
after discharge. Hypertension was first noted 
in 25 per cent of patients at 3 years and 50 per 
cent at 5 years. 

6. Congestive heart failure was demonstrated 
objectively in 68 per cent of the cases at 3 years 
and 33 per cent at 5 years. 

7. . Cardiomegaly was noted roentgenograph- 
ically in 46 per cent at 3 years and 77 per cent at 
5 years and was apparently associated with 
coronary artery disease alone in 8 per cent and 
28 per cent respectively. 

8. The electrocardiogram revealed no evi- 
dence of infarction in 13 per cent at 3 years and 
20 per cent at 5 years. 
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Abnormalities in the Electrocardiogram 
Induced by Emotional Strain 


Possible Mechanism and Implications 


Louis H. SIGLER, M.D., F.A.C.C. 


Brooklyn, New York 


HERE ARE many reports of the effect of 
‘Dawe nervous and emotional states 
on the electrocardiogram. The changes noted 
were inversion of the T wave! and abnormalities 
in the T wave and in the size of the QRS com- 
plex? in neurocirculatory asthenia; abnormal- 
ities in the RS-T segment and in the T wave in 
psychiatric patients subject to extreme emotional 
disturbances;** and depression of the RS-T 
segment and abnormalities in the T wave during 
a period of fearfulness and anxiety.* Mainzer 
and Krause® observed  electrocardiographic 
abnormalities in some subjects just before an 
operation, subsiding a few moments after 
induction ‘of anesthesia. Stevenson and co- 
workers’ noted changes in the S-T segment, 
in the T wave, in the P wave, in the electrical 
axis, and disturbances in the rate and rhythm 
of the heart in anxiety states. They believed 
that the changes in the T wave were due to 
sympathetic stimulation rather than anoxia. 
Winton and Wallace® observed isoelectric or 
negative T waves and depression of the RS-T 
segment in neurotic and psychotic patients. 
Graybiel and co-workers,® in a study of electro- 
cardiograms of 1,000 healthy aviators 20 to 30 
years of age, observed an instance in which 
right bundle branch block developed 30 seconds 
after the explosion of a pistol near the men, 
returning to normal in two days. There was no 
evidence of organic heart disease and these 
euthors considered the abnormality “‘functional.” 
(srau’ reported some S-T and T wave changes 
of psychogenic origin, but warned that organic 
cisease should always be ruled out before 
attributing the changes to psychogenic factors. 

All the reports purport to show that ab- 
normalities in the electrocardiogram may be 
caused by emotional states in the absence of 
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organic heart disease. No consideration has 
been given to changes in the electrocardiogram 
that may also occur under emotional strain 
in the presence of organic heart disease. I 
have observed several instances of electrocar- 
diographic abnormalities in the absence (and 
more so in the presence) of organic heart 
disease which were definitely traceable to 
emotional strain and stress. 


ILLUSTRATIVE CASES 


Case 1. A male physician, 58 years old, highiy 
emotional, introspective and worrisome, had acute 
myocardial ischemia, followed by clinical and labora- 
tory evidence of infarction of the posterior wall of the 
left ventricle, after a period of extreme emotional 
strain in his work as a resident physician in a home 
and hospital for the aged. Since his recovery he has 
been subject to recurring pain in the precordial region 
radiating to the left lower scapular area and left arm 
on exertion, increased with excitement or anxiety. 
Rest, reassurance, phenobarbital or meperidine gave 
relief. 

Many electrocardiograms were taken during a 
five year period following recovery from the myo- 
cardial infarction. The tracings were stable most of 
the time, but during an episode of emotional dis- 
turbance acute changes were noted frequently. 

Figure 1A shows the residual findings of the pos- 
terior wall infarction and was the usual pattern he 
presented. Figure 1B, obtained after the patient 
had an episode of extreme nervous excitement, shows 
in addition a greater negativity of the T wave in 
aVF, depression of the S-T segment in leads V4 and 
V;, diphasic T wave in lead V4 and deeply negative 
T wave in V; and in Vs. Figure 1C, obtained 15 
minutes later after he had calmed down and rested, 
shows a taller T wave in lead V3, an isoelectric S-T 
segment and tall positive T wave in V4, and an iso- 
electric S-T segment and positive T wave in Vs, indi- 
cating a diminution in the acute ischemic pattern 
shown in B. 
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FIGURE 
Fic. 1. Case 1. A, residual findings of posterior wall 
infarction five years before. B, after emotional upset: 
marked depression of the RS-T segment in leads V3; 
to V, and with diphasic T wave in V, and negative T 
wave in V; and V5. C, after 15 minutes of relaxation: 


RS-T segment has returned to the isoelectric level in 
leads V; to V, with tall T wave in V3, V, and V3. 


Case 2. A woman, 53 years old, complained of re- 
curring attacks of black-outs, faintness, light headed- 
ness, pinching in the left precordium, and a sensation 
as if the “heart is jumping.” She was married 25 
years and her husband died 5 years ago, compelling 
her to go to work. She constantly feared losing her 
job because of her age. 

Although appearing cheerful she showed at times a 
depressed state, expressing fear of impending danger 
to her life. ‘The loss of the left breast following a 
radical mastectomy several years ago seemed to 
worry her more than anything else; she believed that 
it interfered with attracting male companionship. 
She recently was engaged to a man whom she loved, 
but after several months he broke off relationship with 
her. This caused an accentuation of the symptoms. 

On examination, the heart was of normal size, the 
rate 96 beats per minute and regular; the sounds were 
somewhat accentuated, A» being greater than P». 
‘The lungs were not remarkable. The blood pressure 
was 150/96 mm. Hg. 


Sey 
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Fic. 2. Case 2. A, during severe emotional disturb- 
ances: isoelectric T wave in lead 1, positive T wave in 
aVR, depression of RS-T segment and negative T wave 
in leads n, m1, aVF, V4, Vs and V,. B, during a more 
tranquil period, 7 months later; improvement of RS-T 
segment and T wave in leads u, m1, aVR and. V, but 
T wave in leads 1 and aVL is now slightly negative; 
directional changes of the QRS complex in-V; and V4; 
T wave is positive in V, and V; and slightly diphasic in 
Vs. C, 3 months after B: marked abnormalities of the 
RS-T segment in leads V;, V, and V;; QRS complex 
in V, is of lower voltage. D, 2 weeks after C: left 
bundle branch block; E, 2 months later: intraven- 
tricular conduction is normal but there are marked 
directional changes of the QRS complex with changes in 
voltage (compare V3, V4, V; and V, to those in A, B and 
C). The terminal ventricular complexes are normal. 


During two weeks’ observation in the hospital she 
was given repeated reassurance and was symptom- 
free. Two blood counts were within normal limits, 
the transaminase was 18 units; temperature, pulse 
and respiration were normal. The blood cholesterol 
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varied between 250 and 290 mg. ‘The electrocardio- 
gram on the day of admission (Fig. 2A) showed an 
isoelectric T wave in lead 1, depression of the S-T 
segment and negative T wave in leads n, m, aVF, 
V., Vs and Vez and tall R wave in leads V3, V; 
and 

When re-examined four months later, she felt 
better but had a burning sensation of her tongue and 
legs. The cardiac findings were unchanged. The 
electrocardiogram (Fig. 2B) showed a low semi- 
inverted T wave in the conventional and unipolar 
extremity leads. There was a negative T wave in 
Ve but the T in the other precordial leads was up- 
right. 

Three months later she complained of “pinching” 
pain in the left precordial region, not related to exer- 
tion, and “light headedness.”” She experienced at 
that time a disturbing event, having been told by a 
physician that the remaining breast had a cyst. 
The electrocardiogram (Fig. 2C) showed little change 
in the conventional leads, but marked changes in 
the terminal ventricular complexes in V2 through 
Ve, suggesting acute myocardial ischemia. She was 
readmitted to the hospital and during a three week 
stay she had a persistently normal temperature, 
normal transaminase on two occasions, normal blood 
chemistry values and normal blood count and sedi- 
mentation rate on three occasions. She was symp- 
tom-free during the entire stay except for occasional 
“groggy feeling’ and slight palpitation. The physi- 
cal findings were within normal limits. An electro- 
cardiogram (Fig. 2D) now revealed left bundle branch 
block. 

One month after discharge from the hospital, she 
was almost symptom-free. An electrocardiogram at 
this time (Fig. 2E) showed normal intraventricular 
conduction, with normal T waves in all precordial 
leads. 


Case 3. A woman, first seen in 1936 when she was 
33 years old, complained of recurring palpitation, 
dyspnea, headaches, pressure in the precordial region, 
extreme weakness and sensation as if fainting at times. 
She exhibited moderate bradycardia on left carotid 
sinus pressure. The heart was of norma. size, the 
rate was 90 beats per minute and irregular due to 
sinus arrhythmia; the heart sounds were accentuated. 
The blood pressure was 150/100. Her reaction to 
exercise was greatly exaggerated; after a few knee 
bends she exhibited a frightful appearance of choking 
and being ‘“‘unable to catch her breath.” Her elec- 
trocardiogram was within normal limits. 

She was not seen again until*1947, 11 years later, 
when she complained of weak spells and tightening 
sensation in the left precordium on excitement or 
exertion. During the interval she had had her left 
breast removed for carcinoma in 1939 and the gall 
bladder was removed in 1946. The heart findings 
remained the same as in 1936, but the electrocardio- 
gram (Fig. 3A) showed left bundle branch block. 
lt was observed that while the tracing was taken there 
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were periods when the intraventricular conduction 
was normal, as in lead aVR. 

Since 1947, now a period of 13 years, she was seen 
intermittently. The complaints were the same as 
when I first saw her 24 years before. She considered 
herself an invalid, and was afraid to venture out of the 
house because of a feeling that she was going to die if 
she carried on any exertion. She was an intelligent 
extrovert, desiring to make friends and yet refusing 
to go out for fear of impending danger. During all 
these years the heart was persistently normal in size 
and shape, the rate varying between 75 and 85 beats 
per minute, and the blood pressure between 130/80 
and 160/100. At no time was there any evidence of 
congestive heart failure. 

Many electrocardiograms were obtained during this 
period of 13 years, most of which showed left bundle 
branch block (Fig. 3B, C, D, F) but often normal 
intraventricular conduction was observed (Fig. 3E). 
Even during the time when left bundle branch block 
was present there were often marked variations in the 
appearance of the ventricular complexes and some 
variations in intraventricular conduction (Fig. 3C). 

In 1951 she was hospitalized after an ‘’acute heart 
attack,” with complaints of severe “agonizing” pain 
in the chest and “fainting” sensation. The heart and 
lungs were within normal limits on physical and 
roentgenologic examinations. A gastrointestinal se- 
ries was noncontributory. Repeated blood counts 
were normal and blood cholesterol varied between 
202 and 206 mg. per cent. The temperature was 
persistently normal and the pulse varied between 75 
and 85. Repeated electrocardiograms showed left 
bundle branch block, with some variations in the 
appearance of the ventricular complexes from time to 
time. 


Case 4. This was a woman, first seen on June 2, 
1955, when she was 46 years old. She complained of 
recurring pain in the anterior part of the chest of 
three years’ duration. At the time of the first exami- 
nation the pain was almost continuous, radiating to 
the left interscapular region and left arm and not re- 
lated to physical exertion. She also complained of 
dizziness, heartburn, numbness of hands and ‘“‘jittery’” 
feeling. She was very apprehensive. The heart 
was normal in size and shape, the rate was 78 and 
regular; the sounds normal and there were no 
murmurs. There was no evidence of peripheral 
arteriosclerosis and the retinal vessels were normal. 
The blood pressure was 145/85. An electrocardio- 
gram (Fig. 4A), showed complexes within normal 
limits in all leads. 

On July 5, 1955 after an emotional upset due to a 
death in her family, she suddenly became dizzy and ex- 
perienced cold sweat, a sensation of ‘“‘needles in her 
toes and knees” and precordial pain radiating to the 
left supraclavicular region. An electrocardiogram 
(Fig. 4B) showed negative T waves and slight de- 
pression of the RS-T segment in leads 1, 0 and all the 
precordial leads. The T was as inverted in leads m1 
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Fic. 3. Case 3. A, December 28, 1947: left bundle 
branch block except in aVR where intraventricular 
conduction is normal. B, September 2, 1949: left 
bundle branch block with slight changes in intra- 
ventricular conduction and in amplitude of the QRS 
complexes in some leads. C, left bundle branch 
block with marked directional and amplitude changes 
of the QRS complexes and of the T wave in leads V2, 
V3, Vs and V;. D, November 17, 1954: left bundle 
branch block with deeper S wave in V2 and lower T 
wave in V,, V2 and V; than in A and B. E, April 25, 
1955: normal intraventricular conduction. F, March 
28, 1959: left bundle branch block with some changes 
in direction and amplitude of the QRS complexes in 
some of the precordial leads compared with those of 
A, Band E. 


and aVF. ‘The patient was admitted to the hospital 
for observation. The pain in the anterior portion of 
the chest recurred intermittently. ‘The temperature 
was persistently normal and the pulse rate varied 
between 75 and 90 beats per minute. The sedi- 
mentation rate and blood count on three occasions 
were within normal limits. Blood sugar was 105 
mg. per cent, urea nitrogen 18 mg., cholesterol 257 
mg. per cent and uric acid 2.4 mg. per cent. The 
blood pressure varied between 108/78 and 135/85. 
The heart and lungs were normal on physical and 
x-ray examinations. Cholecystography revealed a 
normally functioning gallbladder without stones. 
Gastrointestinal roentgenograms showed an esopha- 
geal hiatus hernia but no evidence of ulceration or 
infiltration of the stomach or duodenum. 

The electrocardiogram returned to normal after 
two weeks and it has remained about the same since 
then (Fig. 4C). With reassurance she has been prac- 
tically symptom-free for about five years, except for 
occasional complaints of pain in the left scapular or 
precordial region which becomes more marked with 
emotional disturbance, at which time also some elec- 
trocardiographic abnormalities recur. ‘Thus, on 
May 1, 1957 a friend died suddenly and she came to 
my office with numerous and unrelated complaints. 
An electrocardiogram (Fig. 4D) obtained at that 
time showed a decrease in voltage of the T wave in 
all the leads with slight depression of the S-T segment 
in leads V3; through V¢. 


Case 5. A woman, 58 years old, complained of 
pain below the left breast radiating to the left arm 
following emotional disturbance and subsiding on 
relaxation. One night she was awakened by a severe 
pain lasting about 2 hours. She was told by a 
physician that she had “a heart attack” and she 
rested in bed a week, but the pain recurred inter- 
mittently. Examination revealed a very emotional 
subject. Her appearance and color were not re- 
markable. The heart was of normal size, with a rate 
of 80 beats per minute and regular rhythm. The 
sounds were normal and there were no murmurs. The 
blood pressure was 170/110, which dropped to 136/9J 
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after relaxing. The retinal arteries showed slight 
sclerosis. An electrocardiogram (Fig. 5A) showed 
left axis deviation and a semihorizontal electrical 
position of the heart but was otherwise normal. 
She was reassured that there was nothing wrong with 
her heart and that the symptoms were due to emo- 
tional strain. 

For nine days she felt quite well, having only oc- 
casional slight pain in the anterior part of the chest, 
not aggravated by exertion. On the tenth day she 
had an argument with a neighbor who she claimed 
“spread malicious lies’ about her. Severe pain in 
the left scapular region soon developed radiating to 
the shoulder and left arm, and there was tachycardia 
of 110, pallor, sweating, vomiting and a drop in blood 
pressure to 80/50. She was admitted to the hospital; 
oxygen therapy and meperidine gave relief. An 
electrocardiogram obtained that day (Fig. 5B) 
showed abnormal P and T waves in all the leads. 
During a three week stay in the hospital the tempera- 
ture was normal, the heart rate varied between 75 
and 80. beats per minute, there was regular rhythm 
and the respiratory rate was normal. The blood 
pressure varied between 108/60 and 132/78. Urine 
and blood counts were repeatedly normal. A trans- 
aminase on the second day was 24 units, on the third 
day 20 units and on the fifth day 14 units. Reas- 
surance and an occasional sedative progressively im- 
proved her condition and the electrocardiogram re- 
turned to normal] limits (Fig. 5C). 

After discharge from the hospital she continued to 
feel well. There was recurrence of mild pain in the 
chest on any excitement. On one occasion she again 
had a nervous upset and the electrocardiogram (Fig. 
5D) showed an inverted T wave in V, and V2. 


COMMENTS* 


It is evident from the cases presented here, 
examples of many similar cases observed over 
a number of years, that abnormal mental and 
emotional states and severe psychic trauma 
may at times produce electrocardiographic 
abnormalities in the absence of demonstrable 
structural cardiac disease. When organic heart 
disease is present, especially the arteriosclerotic 
type, psychic and emotional disturbances may 
induce acute exacerabations, as exemplified 
by a previously reported case." 

The electrocardiographic abnormalities usu- 
ally consist of a depression of the RS-T segment 
and an isoelectric, diphasic or negative T wave 
in leads in which these components were pre- 
viously normal. In some cases abnormalities 
may also occur in the QRS complex which may 
become of increased amplitude, undergo direc- 
tional changes and develop slurring, notching, 
widening and bundle branch block. 
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Fic. 4. Case 4. A, normal tracing. B, 1 month later, 
after emotional upset: negative T wave in leads 1, 
1, ur and aVF; low T wave in aVL, positive T wave in 
aVR; depression of S-T segment and negative T wave 
in all precordial leads. C, 5 months after B: normal 
tracing. D, 2 years later, after another emotional 
upset: lower T wave in all leads with slight depression 
of the S-T segment in some. 


Fic. 5. 


Case 5. A, normal tracing, horizontal elec- 
trical position. B, 10 days later, after a severe emotional 


upset: diminished voltage of the QRS complex in 
leads 1, m1, aVL, Vi, Vs; and V, with some changes in 
direction; T wave almost isoelectric in all leads and 
less negative in aVR. C, 11 days after B; tracing is 
normal. D, 2 months later, after another episode of 
a milder emotional upset: —T wave is more negative in 
Vi and V2. 
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Electrocardiographic Manifestations: The electro- 
cardiographic abnormalities caused by emotional 
disturbances and psychic trauma appear to be 
variable and inconstant in their patterns. Unlike 
the patterns induced by structural cardiac disease 
and by cardiac hypertrophy which often have 
established forms, the patterns here are erratic, 
unstable and unpredictable in their appear- 
ance. ‘Their behavior is similar to that of the 
subjective manifestations of the emotional and 
psychoneurotic patient, which vary greatly in 
different patients and in the same patient at 
different times. 

In the presence of coronary disease, severe 
emotional disturbances may bring about acute 
electrocardiographic changes of myocardial 
ischemia, probably caused by coronary in- 
sufficiency induced by the emotional strain, 
asin Case 1. In some patients repeated attacks 
may ultimately result in death. A case re- 
ported by Spencer” illustrates this point. 
The postmortem findings in that case revealed 
no myocardial infarction and relatively little 
coronary atherosclerosis to explain the occur- 
rence of electrocardiographic changes of myo- 
cardial ischema during life and at the death of 
the patient. 

Differentiation from other Electrocardiographic Ab- 
normalities: ‘There are many conditions which 
may produce electrocardiographic abnormal- 
ities in the absence of structural cardiac disease. 
The more important of these are changes in 
posture, marked tachycardia and arrhythmia, 
acute infections, alkalosis, acidosis, hyperventila- 
tion, electrolyte disturbances of the blood, 
anemia and shock due to any condition such 
as trauma, embolization, vascular thrombosis 
in various parts of the body and hemorrhage. 


All these causes can easily be ruled out in the . 


majority of cases. ‘The possible effect on the 
electrocardiogram of hypo-ovarianism in the 
menopausal period, reported by Scherf and 
McGavack,'* should perhaps also be borne 
in mind in differential diagnosis. These authors 
believe that there is a relationship between 
estrogens and corticosterone deficiency which 
may cause changes in the electrocardiogram. 
They reported six cases in which the electro- 
cardiogram returned to normal following treat- 
ment with estrogens or corticosterone. Since 
the disturbances in our cases were usually in- 
termittent, often occurring in women not in the 
menopausal age as well as in men, and since the 
abnormalities were traceable to psychic trauma 
and emotional states, usually subsiding spontane- 


ously with improvement of these states, an 
estrogenic factor can be ruled out. 

Possible Mechanism of  Electrocardiographic 
Changes: On theoretic grounds we may assume 
that the mechanism of the electrocardiographic 
changes in emotional states is based on vagal and 
sympathetic nerve interference with the normal 
depolarization and repolarization of the heart 
muscle. The more frequent effect appears to 
be on the process of repolarization. Wendkos'4 
believes that the abnormalities are due to 
vagosympathetic “‘imbalance.”’ 

It is well established that the vagal influence 
on the heart often interferes with the proper 
initiation and propagation of the cardiac im- 
pulse and causes profound changes in the elec- 
trocardiogram. In a study of electrocardio- 
graphic changes observed during the carotid 
sinus reflex in man,'® a great variety of disturb- 
ances were observed, such as sinus slowing, 
sinus arrhythmia, sinoatrial block, all grades of 
atrioventricular conduction interferences, 
changes in the size and appearance of the P 
wave, changes in the QRS complex, and in some 
cases in the RS-T and T wave. Recently, 
Weinberg and Fuster’ studied the effects on the 
electrocardiogram of localized hypothalamic 
stimulation in normal cats. They observed a 
variety of electrocardiographic changes, some 
of which were similar to those noted clinically 
in emotional strain. They believe that the 
abnormalities are due mainly to reflex stimula- 
tion of the sympathetic nerves, the nuclei of 
which are probably centered in the hypothala- 
mus. There may also be some reflexes trans- 
mitted to the vagal nuclei in the brain via 
parasympathetic pathways originating in the 
prehypothalamus. 

A very interesting discussion of the possible 
mechanism of emotions and bodily reactions is 
presented by Boshes.'® The following is part of 
his conclusions: 


“‘Emotions are an integral part of our living, useful 
in maintaining bodily equilibrium. We are con- 
tinuously receiving stimuli through end organs, from 
inside of our bodies and from the outside. Ulti- 
mately these signals must reach the cortex of the 
brain. In between are structures, including the 
hypothalamus, which integrate these signals through 
reverberating neural circuits to distribute them to 
organs, glands, or to establish memories of stress and 
of danger. ‘The last may persist over a long period of 
time and may be activated by an implied threat, a 
symbol which in turn will reactivate all the neural 
circuits of the long-ago stress. The evidence seems 
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strong that such experiences over a long period, in a 
given system, may bring about organic change, but 
complete proof is still lacking.” 


Although the neuroanatomy of the heart is 
not yet fully known, Roberts!* and other earlier 
authors believe that branches of the vagus and 
sympathetic nervous systems are closely con- 
nected with the coronary arteries of all sizes, 
especially with the large and medium sized 
vessels in which there are numerous nerve cells 
and nerve fibers. Nerve terminals have also 
been found in capillaries and in the interstitial 
tissues of the heart. Provenza and Scherlis'® 
observed two sphincter types of capillaries in 
the ventricular myocardium, the metarteriole 
and the precapillary, which differ from true, 
nonmuscular capillaries. The muscular com- 
ponents of the metarterioles and precapillaries 
are innervated by nerve fibers of which the 
terminal structures end as knotted fibrillary 
processes near the muscle nucleus. They 
believe these structures play a great role in the 
dynamics of cardiac vascularization. They’ 
also observed alterations in the size of the 
capillaries in the dog’s heart by applying drugs 
which contract and relax those sphincter 
capillaries. 

In the light of the clinical, anatomic and 
experimental findings, we may reasonably 
assume that stimulation of the sympathetic and 
parasympathetic centers in the brain occurs 
as a result of conscious and subconscious disturb- 
ances due to psychic trauma and emotional 
states. The impulses are thence transmitted 
to the corresponding nerve endings in the heart, 
causing the changes in the electrocardiogram. 
If stimulation is not marked, small areas of the 
heart are involved, causing slight changes in the 
electrocardiogram. If severe, large segments of 
the conduction system, coronary vessels and 
the myocardium itself are affected. The 
coronary vessels may undergo spastic changes 
and cause myocardial ischemia which may even 
lead to myocardial necrosis or infarction. 

This appears to be more frequent if coronary 
atherosclerosis is present. In previous reports 
on the carotid sinus reflex,” it was demonstrated 
that the vagal effects on the heart are greatest 
in subjects in the older age groups and in pa- 
tients with coronary disease. This is probably 
true also of the sympathetic effects. 

Another possible mechanism of the electro- 
cardiographic changes induced by emotional 
strain is the release into the blood stream of 


DECEMBER 1961 


‘dium and the coronary vessels. 


endocrine products, particularly the catechol- 
amines, resulting from sympathetic nerve 
stimulation. Raab” believes that the catechol- 
amines may induce a specific oxygen-wasting 
effect on the myocardium, resulting in rapid 
myocardial hypoxia. This occurs more readily 
in the presence of cardiac disease. 

Implications: The observations reported should 
help in the differential diagnosis of an organically 
normal and diseased heart, as well as in the 
interpretation of electrocardiographic changes 
in the presence of coronary disease in some cases. 
It is reasonable to assume that in many instances 
of coronary atherosclerosis acute manifestations 
of the disease are based on emotional and 
psychogenic factors. Furthermore, fear as- 
sociated with an awareness on the part of the 
patient of the presence of serious cardiac disease 
may in itself be a factor in provoking recurring 
acute manifestations of the disease and fre- 
quent changes in the electrocardiogram in 
some cases. The changes in the electrocardio- 
gram may not necessarily always indicate the 
occurrence of acute structural damage but 
physiologic alterations. 


SUMMARY 


Psychic trauma and emotional strain may 
produce abnormalities in the electrocardio- 
gram in some predisposed subjects. ‘The com- 
mon abnormalities are RS-T segment depression 
and isoelectric, diphasic or negative T waves 
in various leads. In more severe cases the QRS 
complex may also be involved. Its voltage 
may increase, it may undergo directional 
changes, become slurred, notched and widened 
or assume the appearance of complete’ bundle 
branch block. The electrocardiographic 
changes are unstable, unpredictable and vari- 
able in their appearance, and are more apt 
to occur in the presence of coronary disease. 

The changes appear to be caused by stimula- 
tion of the sympathetic and parasympathetic 
centers of the brain by conscious or subcon- 
scious disturbances. The impulses are thence 
transmitted to the nerve endings in the heart 
aflecting the conduction system, the myocar- 
The resulting 
spasm of the latter may produce myocardial 
ischemia and even necrosis. Another possible 
mechanism is the release into the blood stream 
of endocrine products, especially the catechol- 
amines induced by sympathetic nerve stimula- 
tion, and these may affect the heart. The 
observations may help in the differential 
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diagnosis of an organically normal and a diseased 
heart and more particularly in explaining the 
electrocardiographic manifestations occurring 


in 


coronary disease, especially when there 


is no clinical evidence of acute structural myo- 
cardial damage. 
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Pattern of Uric Acid Excretion after 
Intravenous Administration of 
Hydrochlorothiazide’ 


CRISTOBAL DUARTE, M.D., LEONARD S. DreiFus, M.D., RyuicH1 KopAMA, M.D., ALBERT N. Brest, 
M.D. and JoHN H. Moyer, M.D., F.A.C.C. 


Philadelphia, Pennsylvania 


E DIURETIC and natriuretic effects of the 
thiazide derivatives have been extensively 
summarized in several recent reviews.'~* These 
diuretic substances have become a keystone in 
the treatment of hypertension and the various 
edema states. One of the few complications 
associated with their use has been the develop- 
ment of hyperuricemia and symptomatic gouty 
arthritis.*:°:® It is the purpose ofthis paper to pre- 
sent the sequential events of the excretion of wa- 
ter, electrolytes and uric acid in normal subjects 
and. patients with hypertension and gouty 
arthritis. 


METHODS AND MATERIAL 


The studies were performed on eight normal sub- 
jects, seven hypertensive patients, four patients with 
advanced renal impairment and seven patients with 
gouty arthritis. Two of the subjects with gout had 
additional evidence of renal impairment. 

All patients were studied following a 12 hour fast. 
Nine patients were hydrated with isotonic Ringer’s 
solution (infused at a rate of 10 ml. per minute). In 
twelve patients 5 per cent glucose in water was sub- 
stituted for the Ringer’s solution. In five other sub- 
jects, 1000 cc. of tap water was administered orally 
a half hour prior to the start of the study, and 250 
ml. administered every hour thereafter. At least 
three control periods of 10 minutes each were ob- 
tained after the achievement of a constant flow of 
urine. Following a single intravenous injection of 50 
mg. of hydrochlorothiazide, 30-minute urine samples 
were collected for the evaluation, of urine flow, glo- 
merular filtration rate, sodium, potassium and total 
solute excretion, in addition to free water and uric 
acid clearance. Serum samples for sodium, potas- 
sium, total solutes, urea, creatinine and uric acid were 
obtained midway between the urine collection 


periods. The urine was collected by an indwelling 
catheter; the bladder was rinsed with 50 cc. of dis- 
tilled water and emptied by 50 cc. of air. 


RESULTS 


Effect on Glomerular Filtration: The effect of 
intravenous hydrochlorothiazide on glomerular 
filtration was quite variable. In seven instances 
there was a definite increase; in six a depression; 
and in the other thirteen no significant changes 
occurred. There was no definite correlation of 
the changes in glomerular filtration rate with 
the degree of renal impairment, electrolyte and 
water response, or uric acid clearance (Table 
1). 

Effect on Urine Flow, Sodium, Potassium and 
Total Solute Excretion: In the majority of cases 
there was a prompt and sustained increase in 
urine flow and sodium and potassium excre- 
tion following parenteral hydrochlorothiazide 
(Table 1). The increase in excretion of both 
water and electrolytes was immediate and oc- 
curred within 2 to 3 minutes. Although the 
increase in urine flow tended to level off after 
120 minutes it usually remained well above pre- 
injection levels throughout the study. Patients 
demonstrating marked renal impairment showed 
little or no diuretic or saluretic response. The 
duration of action following a single 50 mg. 
injection of hydrochlorothiazide was approxi- 
mately 12 to 14 hours. 

Effects on Osmolar Clearance and Free Water: 
In twenty patients there was a definite and 
sustained increase in osmolal clearance. This 
change paralleled the increase in urine flow fol- 


*From the Depzrtment of Internal Medicine, Hahnemann Medical College and Hospital, Philadelphia, Penn- 
sylvania. These studies were supported by the Southeastern Pennsylvania Heart Association and The National Insti- 


tutes of Health Grant No. H 3511. 
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TABLE I 


Comparison of Uric Acid Clearance, Electrolyte and Water Excretion in Normal Subjects and Those with 
Hypertension, Renal Disease and Gouty Arthritis 


a Urine Flow Na K ; Osmolar Free Water Uric Acid 
Group Rate (ml. /min.) Excretion Excretion Clearance Clearance Clearance 
(sal. (wEq./min.) | (wEq./min.) | (ml./min.) (ml. /min. ) (ml. /min. ) 
Normal 
Cc 116 4.3 170 47 2.8 1.4 10.7 
Di | 128210.0}; 8021.5 | 447+ 53* 73+ 4.4*| 4.9+0.5* 34 | 20.9 &6:7 
D2 {| 1164 10.6) 6.0 | 581+ 3.6 451°) 
D3 90+ 12.4; 7.5240.9 | 5124 82* 81 + 10.7*| 4.8 +0.4* 3.5: 0.7*| 10.340.8 
Hyper- 
tension 
Cc 106 6.0 175 52 4.4 1.9 12.5 
Di | 112+ 9.4|7.2+41.0 | 451 + 143* 5.0°| 6.5 +0.9° @.7 | 15.1 421.5 
D2 99+ 9.6|6.5+1.4 | 646 + 220* 96+ 3.7*| 6.821.1*| —0.141.9 | 12.1+0.9 
D3 99 + 11.4) 7.241.4 | 372 4119 9.0") 8:7 & 96.7 $.5%2.2 | 12:3 41.1 
D4 97 + 16.4) 8.9 +1.4*| 267 + 101 73330 |5.5%1.2 4.2+0.4*/ 11.1241.9 
D5 86 + 19.4) 7.4241.2 | 2624 89 67% 86.5 | 5.221.3 3.5+0.3*| 10.82+1.6 
Renal 
disease 
Cc 21 4.0 295 31 3.6 0.9 11.9 
Di 2+ 3.0) 5.5 + 0.5*| 622 242 6.2°| 5.221.1 6:0 21.3 (135.22 1,5 
D2 22% 5.0 +0.3*| 569 2.173 422 3.4*|4.72+0.9 0.0+1.0 | 11.3240.6 
D3 Zi 90 482+0.4 | 464 + 106 5 & 3.4 | 4.221.0 0.32%0.7 | 10.521.5 
Gout 
Cc 70 3.4 182 37 4.4 0.1 6.9 
Di 762 4.6) 4.220.1°| 42.5°| 8.3") 5.520.8 0.4+0.4 6.7+0.2 
D2 4.81) 3.9 40.4 | 360 | 542% 6.5*| 5.740.6 6.5.0.9 6.2 +0.3* 
D3 52+ | 320242 82.0 | 5024 6.8*| 4.620.7 1.321.2 5.4 +0.5° 
C: = control; D = mean and standard error of the difference of each 30 minute experimental period following 


intravenous administration of hydrochlorothiazide. 
*P < 0.01. 


lowing the intravenous injection (Table 1). 

Free water clearance increased in twelve sub- 
jects, was depressed in five and unchanged in 
nine other patients. This variability had been 
noted earlier in an acute study of fifteen other 
hypertensive patients.’ 
water clearance was attributed to the elabora- 
tion of a hypotonic urine. 

Effect on Uric Acid Clearance: Intravenous ad- 
ministration of hydrochlorothiazide produced a 
decrease in uric acid clearance in sixteen of 
twenty-six patients (Table 1, Fig. 1). In six 
there was no apparent change in uric acid 
clearance, and in four others there was an 
actual increase. An initial increase in uric acid 
clearance during the first and second experi- 
mental periods was noted in nine of the sixteen 
subjects who later showed a decrease. Al- 
though there was a tendency for a decrease in 
uric acid clearance in all groups, statistical 
significance was noted only in the group having 
gouty arthritis. 


The increase in free. 


CoMMENTS 

A decrease in uric acid clearance was usually 
discernible 90 to 180 minutes following the in- 
travenous administration of hydrochlorothiazide, 
whereas the increase was immediate in urine 
flow and sodium, potassium and free water 
clearance. Hence, the decrease in uric acid 
clearance appeared quite independent of the 
glomerular filtration rate and saluretic or 
diuretic effects of the drug. The initial increase 
in uric acid clearance was usually coincidental 
with the maximum diuretic and _saluretic 
effects of hydrochlorothiazide and may well be 
related to the increased urine flow. Uric acid 
clearance in the patients with gouty arthritis 
appeared to be of greater significance than in the 
normal or hypertensive groups (Table 1). In 
the other four patients with advanced renal 
impairment, hydrochlorothiazide did not signifi- 
cantly alter rates of electrolyte, water or uric 
acid excretion. 

It is notable that the decrease in uric acid 
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Uric Acid Excretion after Hydrochlorothiazide 


— 


Uric Acid Clearance (ml./minute) 


Normal 
Fic. 1. 


with hypertension, renal disease and gout. 


Hypertension 


last three collection periods are shown. 


clearance occurred at a time when urine flow, 
osmolal clearance and sodium and potassium 
excretion were still elevated. The failure to 
achieve a reduction in uric acid clearance in 
nine subjects may be in part attributed to too 
few. collection periods or failure to use a large 
enough. dose of the drug. The serum uric 
acid did not increase in any of these acute experi- 
ments. Prolonged oral adminstration with 
higher dosages may have accounted for the 
elevation of serum uric acid in the studies of 
Healey et al.® 

In two of the patients with gouty arthritis, 
actual pain in the joints was engendered by 
prolonged administration of hydrochlorothia- 
zide for the therapy of hypertension. On the 
other hand, one patient with hyperuricemia 
(uric acid, 9-10 mg. per cent) prior to therapy 
had neither accompanying joint pain nor a fur- 
ther elevated serum level after 1 month of 
therapy. In addition, thiazide diuretics were 
successfully reinstituted in the two patients with 
gouty symptomatology when uricosuric agents 
were administered concurrently with hydro- 
chlorothiazide. 

Clinical Significance: The decrease in uric acid 
clearance engendered by the thiazide diuretics in 
some instances precipitated frank symptoms of 
gouty arthritis. In others, an asymptomatic 
hyperuricemia occurred. In the majority of 
instances, however, the uric acid remained 
within normal limits and gouty symptoms did 
not occur. 
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Renal Disease 


Gout 


Comparison of uric acid clearance in normal subjects and patients 


The control and mean of the 


There is general agreement that abnormal 
renal excretion of uric acid may be one cause of 
hyperuricemia in gout,’~® although overproduc- 
tion and a decreased destruction may be addi- 
tional causes. Investigations of uric acid 
metabolism in patients with gout as opposed to 
normal subjects demonstrated a decrease in uric 
acid excretion in the gouty patients.’® It may 
be possible that thiazide diuretics may precipi- 
tate gouty arthritis in those patients in whom 
the tendency for this disease is latent, by exag- 
gerating the decrease in uric acid clearance. 
The symptoms of gouty arthritis were readily 
reversed by the simultaneous administration of 
colchicine, probenecid, zoxazolamine or acetyl- 
salicylic acid. From the results of these studies 
as well as the findings in our group in which 
long term hydrochlorothiazide administration 
was observed, there did not appear to be any 
deleterious effects on the hemodynamic or con- 
centrating mechanisms of the kidney. 

It appears that thiazide diuretics may be con- 
tinued in the presence of renal disease or hy- 
peruricemia. Concomitant use of uricosuric 
agents without interruption of thiazide therapy 
may be employed if symptoms of gouty arthritis 
occur. 


SUMMARY 


1. The sequential events of water, electro- 
lyte and uric acid excretion are presented in 
eight normal subjects, seven hypertensive pa- 
tients, four patients with advanced renal im- 
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pairment and seven patients with gouty ar- 
thritis, following intravenous injection of 50 
mg. of hydrochlorothiazide. 

2. There was an immediate and sustained 
increase in urine flow, sodium and potassium 
excretion as well as osmolal clearance. On the 
other hand, there was no significant change in 
glomerular filtration rate. 

3. Free water clearance was quite variable 
and appeared dependent on the electrolyte 
concentration of the hydrating solution. 

4. Uric acid clearance decreased in normal 
subjects as well as those with hypertension, renal 
disease and gouty arthritis. The depression of 
uric acid clearance occurred at a time when the 
diuretic and electrolyte effects were still in- 
creased. ‘The serum uric acid did not increase 
in these acute studies. 

5. Symptoms of gouty arthritis appeared in 
two hypertensive patients following prolonged 
administration of hydrochlorothiazide. How- 
ever, continuation of hydrochlorothiazide ther- 
apy was possible with the concomitant exhibition 
of uricosuric agents. 
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Experimental Studies 


Effects of Arterial Occlusion on the 


Fibrinolytic System 


An Experimental Study in Dogs” 


GeEorGE TsITOURIS, M.D., SAMUEL BELLET, M.D., F.A.c.c., UGO MANZOLI, M.D., 
JEAN SCHRAEDER, FRASER GORDON, M.D. and HERSCHEL SANDBERG, M.D. 


Philadelphia, Pennsylvania 


EVELOPMENT OF new technics for the study 
D of fibrinolysis in recent years'~® and the 
discoveries reported from the laboratories of 
Astrup,*—!® Sherry,"—" Seegers!®'® and other 
have focused increasing at- 
tention on the mechanisms by which fibrin 
deposits are dissolved in the living organism. 
Evidence is accumulating that there is a dy- 
namic balance between fibrin formation and 
fibrinolysis which is altered in various thrombo- 
embolic states.'*-*! Recent studies from this 
laboratory have shown that increased inhibition 
to fibrinolysis, and hence decreased fibrinolysis, 
occurs in human beings following major 
surgery.” Other investigators . have shown 
that states of stress,”* anoxia™ and local ischemia”® 
are frequently accompanied by increased fibrino- 
lytic activity. It was, therefore, decided to 
investigate the effects of experimental arterial 
occlusion on various fibrinolytic parameters 
in the dog. 


MATERIAL AND METHODS 


The animals employed in this study were divided 
into four groups: Group A consisted of twelve dogs, 
weighing between 15 and 20 kg. These were anes- 
thetized by the intravenous administration of pento- 
barbital at a dosage of 25 mg. per kilo of body weight. 
A longitudinal incision was made above the inguinal 
ligament. One femoral artery and vein were ex- 
posed and dissected free. Polyethylene tubing of 
0.045 inch internal diameter, filled with saline, was 


then inserted into the femoral artery for a distance 
of approximately 7 cm. Two milliliters of sterile 10 
per cent suspension of lycopodium spores in normal 
saline, alkalinized by a few drops of 0.1 per cent 
sodium hydroxide, were then injected through the 
catheter into the femoral artery. The catheter was 
withdrawn and the artery was either sutured or 
ligated proximally. The incision was closed. Within 
15 to 20 minutes the entire procedure was completed. 
Heparinized blood samples from the contralateral 
femoral artery of the anesthetized animal were ob- 
tained prior to surgery and at serial intervals follow- 
ing the operation. The plasma was analy.ed for 
various fibrinolytic parameters as will be described. 
The effectiveness of the arterial occlusion obtained by 
the operative procedure was determined by the fol- 
lowing criteria: (1) All animals had a pronounced 
limp within 6 hours after embolization was _per- 
formed. (2) Ischemic changes such as loss of hair 
and change of skin color were noted after 48 hours. 
(3) Gangrene of the lower left limb developed be- 
tween 72 and 96 hours after the operative procedure. 

Group B consisted of nine dogs which were anes- 
thetized and manipulated in a manner similar to 
group A up to the insertion of the polyethelene 
tubing. Instead of injecting the spores, however, 
the catheter was merely thrust several times to and 
fro within the femoral artery and then withdrawn. 
The arterial incision was then sutured, and the skin 
closed as previously described. Spasm of the artery 
was usually noted following this procedure, but no 
prolonged limp or gangrenous changes occurred in 
this group of dogs. Blood samples were obtained for 
analysis of the fibrinolytic parameters as in group A. 


* From the Division of Cardiology, Philadelphia General Hospital, Philadelphia, Pennsylvania. This work was 
aided by grants from the United States Public Health Service (H-5279), the Heart Association of Southeastern Penn- 
sylvania, and Merck Sharp & Dohme Research Laboratories, West Point, Pennsylvania. 
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TABLE IA 
Changes in Fibrinolytic Parameters of Dog Plasma following Embolization with Lycopodium Spores (Group A) 


Antithrombolysin Lysis Time Plasma Lysis Times (sec.) 
(sec.) Plasma 
Fibrin- 
Dog Ti f ogen 
No. 1:40 1:80 1:160 Undi Plasma Plasma Concen- 
Diluted | Diluted | Diluted luted 1:10 in 1:20 in (sec. ) "%) 
in ISB in ISB in ISB Plasma ISB ISB 
1 Preoperative 245 382 556 180 1200+ 1200+ 1200+ 828 
Hours postoperative 
4 290 402 665 184 1200+ 1200+ 1200+ 1270 
2 Preoperative 253 447 480 210 1069 1200+ 1200+ 780 
Hours postoperative 
4 258 490 610 210 1099 1200+ 1200+ ae 
24 268 540 619 240 1100 1200+ 1200+ 835 
3 Preoperative 190 230 370 116 756 1200+ 1200+ 353 
Hours postoperative 
4 195 246 380 119 760 1200+ 1200+ ys 
72 315 430 565 123 960 1200+ 1200+ 749 
4 Preoperative 155 228 270 231 1200+ 1200+ 1200+ 668 
Hours postoperative 
4 165 258 295 234 1200+ 1200+ 1200+ 760 
24 175 264 380 240 1200+ 1200+ 1200+ 835 
72 193 276 550 599 1200+ 1200+ 1200+ 953 
5 Preoperative 129 200 273 210 1200+ 1200+ 1200+ 407 
Hours postoperative 
4 133 219 275 211 1200+ 1200+ 1200+ es 
24 170 263 347 340 1200+ 1200+ 1200+ 684 
72 170 330 385 413 1200+ 1200+ 1200+ 583 
6 Preoperative 130 134 250 210 672 1200+ 1200+ 358 
Hours postoperative 
4 130 169 261 210 1107 1200+ 1200+ 642 
24 165 175 380 275 1200+ 1200+ 1200+ 620 
72 167 190 390 487 1200+ 1200+ 1200+ 957 
7 Preoperative 123 153 171 195 
Hours postoperative 
4 126 154 174 195 595 1200+ 1200+ 290 
24 141 192 385 306 1200+ 1200+ 1200+ 492 
72 160 193 388 307 1200+ 1200+ 1200+ Beis 
8° Preoperative 200 360 439 1200+ 1200+ 1200+ 1200+ 685 
Hours postoperative 
4 210 406 468 1200+ 1200+ 1200+ 1200+ 684 
9 Preoperative 162 240 430 750 930 1200+ 1200+ 368 
Hours postoperative 
190 360 515 774 980 1200+ 1200+ 396 
24 240 400 520 940 1200+ 1200+ 1200+ 674 
72 250 415 610 975 1200+ 1200+ 1200+ 813 
Hours postoperative 
159 232 285 610 1200+ 1200+ 1200+ 368 
24 330 290 350 710 1200+ 1200+ 1200+ 770 
72 350 429 615 720 1200+ 1200+ 1200+ 760 
11 Preoperative 130 192 307 328 1196 1200+ 1200+ 696 
Hours postoperative ‘ 
4 140 201 317 487 1200+ 1200+ 1200+ 685 
24 140 234 354 492 1200+ 1200+ 1200+ oe 
72 235 285 375 706 1200+ 1200+ 1200+ .738 
12 Preoperative 170 210 230 495 510 1200+ 1200+ 396 
Hours postoperative 
4 180 212 235 500 570 1200+ 1200+ 428 
12 185 241 250 505 610 1200+ 1200+ 390 
24 195 260 295 507 639 1200+ 1200+ 458 
48 200 270 330 510 640 1200+ 1200+ 343 
72 200 274 330 480 630 1200+ 1200+ 460 


Group C consisted of two dogs which were merely 
anesthetized with pentobarbital. Serial blood sam- 
ples were obtained for analysis. 

Group D consisted of two dogs which were anes- 
thetized as in the other groups. The femoral artery 
was then occluded by a hemostat for 1 and 3 hours, 
respectively. The animals were infused intra- 


arterially with 50,000 units of Thrombolysin.®* 
Blood samples were obtained serially and analyzed 
for fibrinolytic parameters as described subsequently. 

Fibrinolytic Studies: The following fibrinolytic 


* Human (streptokinase activated) fibrinolysin, Merck 
Sharp & Dohme Research Laboratories, West Point, Pa. 
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TABLE 1B 
Changes in Fibrinolytic Parameters of Dog Plasma following Embolization with Lycopodium Spores (Group A) 


Preoperative Control (%) 
Dog Antithrombolysin Lysis Time (sec.) 
No. Time of Sample Undiluted Fibrinogen 
Plasma Genesn- 
1:40 1:80 1:60 Lysis tration 
Diluted Diluted Diluted Time 
in ISB in ISB in ISB 
1 Preoperative 100 100 100 100 100 
Hours postoperative 
a 118.4 105.2 119.6 102.2 153 
2 Preoperative 100 100 100 100 100 
Hours postoperative 
4 101.9 109.6 127 100 ~ar 
24 105.9 120.8 128.9 114.2 107 
3 Preoperative 100 100 100 100 100 
Hours postoperative 
4 102.6 106.9 102.7 102.5 ste 
72 165.7 186.9 152.7 106 212.1 
4 Preoperative 100 100 100 100 100 
Hours postoperative 
4 106.4 113.1 109.2 101.2 113.7 
24 112.9 115.7 140.7 103.8 125 
72 124.5 121 203.7 259.3 142.6 
5 Preoperative 100 100 100 100 100 
Hours postoperative 
4 103.1 109.5 100.7 100.4 + 
24 131.7 131.5 127.1 161.9 168.1 
72 131.7 165 141 196.6 143.2 
6 Preoperative 100 100 100 100 100 
Hours postoperative 
4 100 126.1 104.4 100 179.3 
24 126.9 130.6 152 131 173.1 
72 128.4 141.8 156 231.9 267.3 
7 Preoperative 100 100 100 100 eee 
Hours postoperative 
4 102.4 100.7 101.8 100 
24 114.6 125.5 225.1 156.9 
72 130.1 126.1 226.9 157.4 ws 
® Preoperative 100 100 100 ty 100 
Hours postoperative 
4 105 112.8 106.6 99.9 
9 Preoperative 100 100 100 100 100 
Hours postoperative 
4 117.3 150 119.8 103.2 107.6 
24 148.1 166 120.9 125.3 183.2 
72 ~» (1565 172.9 141.9 130 220.9 
11 Preoperative 100 100 100 100 100 
Hours postoperative 
107.7 104.7 103.3 148.5 98.4 
24 107.7 121.9 115.3 150 
72 180.8 148.4 122.1 215.2 106 
12 Preoperative 100 100 100 100 100 
Hours postoperative 
4 105.9 101 102.2 101.1 108.1 
12 108.8 114.8 108.7 102 98.5 
24 114.7 123.8 128.3 102.4 115.7 
48 117.6 128.6 143.5 103 96.6 
72 117.6 130.5 143.5 97 116.2 
Mean Hours postoperative 
Values 4 106.44 4.9 112.8 + 13.6 108.9+ 8.8 105.9 + 16.5 122.9 + 28.4 
24 120.5 + 13.3 129.8 + 14.1 142.3 + 32.9 130.6 + 22.2 154.3 + 30.3 
72 141.0 + 20.7 149.1 + 22.4 161.1 + 33.3 174.1 + 56.6 163.5 + 57.9 


studies were performed: (1) Lysis time of a standard 
fibrin clot by undiluted plasma; (2) lysis time of a 
standard fibrin clot by plasma diluted 1:10 and 1:20 
in imidazole-saline buffer (ISB); (3) euglobulin 
lysis time; (4) plasma fibrinogen concentration 
by the method of Stefanini and Dameshek;* and 
(5) the antithrombolysin lysis times against 20, 10 
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and 5 units of Thrombolysin.”* In this test a mixture 
was prepared consisting of fibrinogen, thrombin, test 
plasma and three dilutions of Thrombolysin in pro- 
portions similar to those described in previous 
studies.!_ The times required to dissolve the clot 
thus formed were measured, starting with the addi- 
tion of thrombin as zero time. These lysis times are 
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TABLE IIA 
Changes in Fibrinolytic Parameters of Dog Plasma following Surgery (Group B) 


uglob- 
lin Fibrin- 
No. Time of Sample Plasma Plasma Concen- 
1:40 1:60 13160 Undi- Diluted Diluted tration 
Diluted Diluted Diluted luted 1:10 1:20i (sec.) 
:10 in :20 in (mg. %) 
in ISB in ISB in ISB Plasma ISB ISB 
13 Preoperative 117 160 222 384 900 1200+ 1200+ 321 
Hours postoperative 
4 133 175 225 385 925 1200+ 1200+ 257 
12 135 177 228 387 940 1200+ 1200+ ae 
24 240 185 245 390 960 1200+ 1200+ 428 
48 177 210 260 403 1200+ 1200+ 1200+ 374 
48 185 218 270 410 1200+ 1200+ 1200+ 316 
14 Preoperative 130 180 235 390 1200+ 1200+ 1200+ 428 
Hours postoperative 
4 143 182 244 400 1200+ 1200+ 1200+ 471 
12 189 243 281 406 1200+ 1200+ 1200+ 463 
24 200 270 290 410 1200+ 1200+ 1200+ 430 
15 Preoperative 130 189 230 260 1100 1200+ 1200+ 358 
Hours postoperative 
4 142 200 267 300 1200+ 1200+ 1200+ 368 
12 146 202 270 310 1200+ 1200+ 1200+ ate 
24 205 250 310 410 1200+ 1200+ 1200+ 422 
48 .210 265 420 470 1200+ 1200+ 1200+ 321 
16 Preoperative 100 120 141 147 330 380 1140 300 
Hours postoperative 
5 103 130 139 160 340 390 1200+ 295 
24 98 132 140 157 357 380 1200+ 225 
48 99 128 142 153 357 385 1200+ 230 
72 105 130 140 151 359 391 1200+ 315 
17 Preoperative 140 172 235 330 870 1030 1200+ 679 
Hours postoperative 
5 170 184 240 340 868 1027 1200+ 645 
24 172 180 243 343 850 1015 1200+ 770 
48 173 184 242 342 860 1010 1200+ 710 
72 175 179 240 340 868 1017 1200+ 428 
18 Preoperative 121 147 190 240 530 535 400 556 
Hours postoperative 
5 109 155 195 245 630 680 480 578 
28 105 151 190 250 650 726 520 578 
48 127 160 195 270 648 730 540 556 
72 144 212 245 306 650 760 580 610 
19 Preoperative 119 122 148 90 410 590 390 514 
Hours postoperative 
4 114 137 155 95 425 600 400 503 
24 117 139 220 100 440 650 410 589 
72 115 137 199 97 439 637 405 646 
20 Preoperative 119 170 256 180 470 570 
Hours postoperative 
4 149 200 302 205 580 640 
21 Preoperative 117 154 240 161 480 530 
Hours postoperative ; 
4 132 178 268 185 545 620 
39 155 190 310 210 580 752 
48 160 195 395 215 630 807 
72 165 230 320 220 670 830 
Fibrinolytic Changes in Dogs following Anesthesia Only (Group C) 
22 Before anesthesia 133 160 200 222 500 599 660 332 
After anesthesia 
5 minutes 132 156 195 220 505 595 661 332 
4 hours 131 157 210 236 510 630 667 342 
24 hours 130 165 210 267 514 630 672 336 
48 hours 132 164 217 272 521 628 680 343 
23 Before anesthesia 100 138 179 193 410 530 525 374 
After anesthesia 
10 minutes 100 138 189 192 413 530 527 353 
3 hours 96 140 190 192 414 531 529 289 
24 hours 90 130 180 182 401 515 501 ea 
48 hours 95 147 190 198 440 540 529 374 
72 hours 80 140 180 190 425 530 530 <i 
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TABLE IB 
Changes in Fibrinolytic Parameters of Dog Plasma following Surgery (Group B) 


Preoperative Control (%) 


Antithrombolysin Lysis Time (sec.) 
Time of Sample Undiluted Fibrinogen 
Plasma Concen- 
1: 80 Lysis tration 
Diluted Time 
in ISB 


Preoperative 
Hours postoperative 
4 


12 
24 
48 
72 
Preoperative 
Hours postoperative 
4 


12 
24 
Preoperative 
Hours postoperative 
4 


12 
24. 
48 
Preoperative 
Hours postoperative 
5 


24 
48 
72 
Preoperative 
Hours postoperative 
5 


24 
48 
72 
Preoperative 
Hours postoperative 
4 


28 
48 
72 
Preoperative 
Hours postoperative 
4 


24 
72 
Preoperative 
Hours postoperative 


30 
48 


Hours postoperative 
4 9.5 108 + 4.2 

4.1 118.2 + 14 

0.4 125.6 + 17.3 


107 + 
24 121.3+ 


2 
72 124.242 


Changes in Fibrinolytic Parameters following Anesthesia Only (Group C) 


Before anesthesia 
Hours after anesthesia 
4 
24 
48 
Before anesthesia 
Hours after anesthesia 
3 
24 
48 
72 
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Dog 
No. 
113.7 109.4 101.4 100.3 80.1 “py 
115.4 110.6 102.7 100.8 
119.7 115.6 110.4 101.6 133.3 Ree 
151.3 131.3 117.1 104.9 116.5 
158.1 136.3 121.6 106.8 98.4 ali 
14 100 100 100 100 100 on 
110 101.1 103.8 102.6 110 
145.4 135 119.6 104.1 108.2 va 
153.8 150 123.4 105.1 100.5 i 
15 100 100 100 100 100 us 
109.2 105.8 116.1 115.4 102.8 
113.3 106.9 117.4 119.2 
157.3 132.3 134.8 157.7 117.9 at 
161.5 140.2 182.6 180.8 189.7 me 
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TABLE III 
Changes in Fibrinolytic Parameters following Clamping of Hemostat on Femoral Artery of Dog (Group D) 


Antithrombolysin Lysis Euglob- | Plasma 
Time (sec. ) Undi- Plasma | Plasma ulin Fibrin- 
Dog Time of Sample luted | Diluted | Diluted | Lysis ogen 
No. 1:40 1:80 1:60 | Plesme 1:10in | 1:20in| Time Concen- 
Diluted | Diluted | Diluted ISB ISB | (sec.) | tration 
in ISB | in ISB | in ISB (mg. %) 
24 Before occlusion with NC 100 117 135 830 1000 1100 460 
hemostat 
Hours after hemostat ap- 
plied 
11/ NC 95 112 129 677 707 660 403 
3 NC 100 127 108 390 415 430 374 
Hours after hemostat 
removed 
1 127 98 110 99 390 411 425 374 
2 hours after hemostat re- NC 91 112 122 270 390 400 353 
moved; '/2 hour after 
saline infused (IA) 
2'/2 hours after hemostat NC 90 103 109 220 172 210 
removed; '/2 hour 
after Thrombolysin 
infused (IA) 
3 hours after hemostat NC NC NC NC 100 110 170 133 
removed; *#/, hour 
after fibrinolysin 
infused (IA) 
4 hours after hemostat NC NC NC NC NC NC 130 161 
removed; 1!/2 hours 
after Thrombolysin 
infused (IA) 
25 Before occlusion 116 132 154 228 400 450 700 386 
1 hour after occlusion 114 130 153 226 397 449 580 407 
with hemostat 
1 hour after fibrinolysin NC NC NC NC NC NC 180 193 
infused (IA) 


NC = noclot formed; IA = intraarterially. 


considered to be a measure of the antithrombolysin 
activity of the test plasma. 


RESULTS 


The results are presented in Tables 1 to m 
and are graphically illustrated in Figures 1 
and 2. 


GROUP A 


Changes in the Antithrombolysin Lysis Times: 
Four hours after the lycopodium spores were 
injected, a slight prolongation was noted in 
the antithrombolysin lysis times which became 
more evident by 24 hours (Table 14 and Fig. 
1). After 2 hours the antithrombolysin lysis 
times averaged about 150 per cent of the pre- 
operative control values. These findings express 
the increased inhibition to the fibrinolytic 


activity of thrombolysin developed in the dog 
plasma following the embolization procedure. 

Changes in the Undiluted and Diluted Plasma 
Lysis Times: There was a progressive increase 
in the time required to dissolve a standard 
fibrin clot by the undiluted plasma as the time 
for embolization was increased from 4 to 72 hours 
(Tables 14 and 18 and Fig. 2). Dilution of the 
plasma 1:10 in imidazole-saline buffer resulted 
in a diminution of the fibrinolytic activity as 
shown by the increased times required to 
lyse the standard fibrin clot by this dilution of 
plasma. When the plasma was further diluted 
1:20 in ISB, the fibrinolytic activity of the re- 
sulting solution decreased to such an extent that 
the mixture in most instances was unable to 
dissolve a fibrin clot within 20 minutes. 

Changes in the Plasma Fibrinogen Concentration: 
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Although the changes in the plasma fibrinogen 
concentration with time after embolization were 
not as consistent as the changes in the anti- 
thrombolysin lysis times and undiluted plasma 
lysis times, the plasma fibrinogen concentration 
also tended to increase as the time following the 
embolization procedure was increased from 4 
to 72 hours (Tables 14 and 1B). At the end of 
3 days the plasma fibrinogen concentrations 
were well above the control levels. 

Changes in the Euglobulin Lysis Times: The 
euglobulin lysis times failed to reflect significant 
changes following embolization. 


GROUP B 


A slight increase in the antifibrinolytic activity 
and decrease in the fibrinolytic activity was noted 
in the animals which had been exposed to the 
surgical procedures of group A but which had 
not been embolized with the lycopodium spores. 
This antifibrinolytic tendency failed to increase 
significantly after the first postoperative day 
(Table m). 


GROUP C 


No significant changes were noted in the 
antifibrinolytic or fibrinolytic activity of the 
animals who were merely anesthetized with 
pentobarbital. 


GROUP D 


When the femoral artery was suddenly 
occluded by a hemostat, the fibrinolytic activity 
of the plasma was sharply increased. This 
increased fibrinolytic activity is shown in Table 
11 wherein the times required to lyse a standard 
fibrin clot by the undiluted and diluted plasma 
of the dog are considerably shorter than the 
control values. When 50,000 units of Throm- 
bolysin are administered to the animal, this 
fibrinolytic activity is markedly accentuated. 


COMMENTS 


Although the ischemia induced in the present 
study by the injection of lycopodium spores 
failed to produce the increased fibrinolytic 
activity reported by Kwaan and McFadzean,”® 
these differences can probably be resolved by the 
different mode of producing ischemia employed 
by the latter group who produced ischemia in 
the human subject by applying a cuff inflated 
above the systolic blood pressure for several 
minutes. From our data it is clearly evident 
that a decreased tendency toward fibrinolysis 
developed in the dogs embolized by means of 


lycopodium spores. Both a decrease in the 
spontaneous thrombolytic activity (demon- 
strated by the undiluted and diluted plasma lysis 
times) and an increase in plasma inhibitor 
(shown by the antithrombolysin lysis times) 
were apparent by 72 hours. The plasma 
fibrinogen concentration also increased during 
this interval. Neither the trauma of the 
surgical procedure nor the anesthetization with 
pentobarbital was the principle etiologic factor 
responsible for these changes since comparable 
findings were not demonstrated by the groups 
subjected to these procedures. When the 
vessel was suddenly occluded by clamping from 
1 to 3 hours with a hemostat, increased fibrino- 
lytic activity occurred, probably initiated by the 
cholinergic effector mechanism in the vessel 
wall responding to ischemia by releasing acti- 
vator into the circulation.”®>:?" 

It is interesting to note that antifibrinolytic 
activity similar to that found in the study with 
lycopodium spores was also observed by us in 
human subjects who had undergone major 
surgery.” Increased inhibition to the proteo- 
lytic activity of Thrombolysin also developed 
in these subjects. These findings help to con- 
firm the work of Seegers”® and Astrup,?? who 
have pointed out that a state of equilibrium 
exists between fibrin formation and fibrinolysis 
in the human organism. A shifting in the 
balance between these two processes can lead to 
pathologic changes. 

States of increased fibrinolytic activity appear- 
ing in the blood have been reported in chronic 
liver disease,*® following pulmonary surgery,” 
in carcinoma of the head of the pancreas fol- 
lowing surgery,*” and in abruptio placentae 
with shock.*® In some of these states*’:*® the 


‘ pathogenesis of the fibrinolytic activity appear- 


ing in the blood has been well elucidated; in 
others the etiology is poorly understood. -An 
additional relationship between fibrinolysis 
and bleeding tendencies has been demonstrated 
by Albrechtsen.®:!° Upon analyzing the fibrino- 
lytic activity of various tissues and organs, he 
noted that very high content of plasminogen 
activator is found in organs known to have a 
latent tendency to bleed. These include the 
uterus, prostate, lung, thyroid and adrenal 
glands. 

Fibrinolysis is intimately related to wound 
healing.?® It is probably the principal means 
by which local deposits of fibrin are continuously 
removed. If states of decreased fibrinolytic 
activity exist, the fibrin deposits are retained 
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longer, resulting in excess formation of con- 
nective tissue. When fibrinolytic activity is 
excessive, healing of the wound is delayed. 
Decreased fibrinolytic activity has been re- 
ported in myocardial infarction,'*"!* peripheral 
and cerebral thromboses,”* chronic diseases,*® 
as well as congestive failure.* The decrease 
in fibrinolytic activity shown in this study and 
in the previously reported determinations in 
human beings exposed to major surgery” 
may play an important role in the develop- 
ment of thromboembolic complications in 
these subjects. 


SUMMARY 


1. Ischemic changes were produced in 
twelve dogs by embolization with lycopodium 
spores. Nine dogs were operated upon in a 
similar manner but were not embolized. Two 
dogs were anesthetized with pentobarbital, 
while in two other dogs the femoral artery was 
occluded for 1 to 3 hours by the application of 
a hemostat. 

2. Fibrinolytic and antifibrinolytic activity 
were studied in these animals by means of un- 
diluted. and diluted plasma lysis times, euglobulin 
lysis times, antithrombolysin lysis times and 
plasma’ fibrinogen concentrations for 72 hour 
periods. 

3. Antifibrinolytic activity progressively rose 
in the animals embolized with lycopodium 
spores. In those who were operated upon but 
not embolized . antifibrinolytic activity rose 
slightly during the first 24 hours but then failed 
to rise significantly. No appreciable changes 
were noted in the animals merely anesthetized 
with pentobarbital. 

4. Increased fibrinolytic activity appeared in 
the plasma of dogs whose femoral arteries were 
clamped with hemostats for 1 to 3 hours. This 
activity was greatly enhanced by the subsequent 
administration of Thrombolysin. 


REFERENCES 


1, Astrup, T. and Muttertz, S. The fibrin plate 
method for estimation of fibrinolytic activity. 
Arch. Biochem. Biophys., 40: 346, 1952. 

2. Lassen, M. The esterase activity‘of the fibrinolytic 
system. Biochem. J., 69: 360, 1958. 

3. Scouris, J. T., Inman, J. K. and McCatt, K. B. 
Starch gel and moving boundary electrophoresis 
of highly purified profibrinolysin. Biochem. @& 
Biophys. Res. Commun., 2: 40, 1960. 

4. Norman, P. S. State of the plasmin system. 1. 
Measurement of human and animal plasminogen. 
Measurement of an activator in human serum. 
J. Exper. Med., 106: 423, 1957. 


DECEMBER 1961 


5. Norman, P. S. and Hitt, B. Studies of the plasmin 
system. 1. Physical properties of the two plas- 
min inhibitors in plasma. J. Exper. Med., 108: 
639, 1958. 

6. Lassen, M. Heat denaturation of plasminogen in 
the fibrin plate method. Acta physiol. Scandinav., 
27: 371, 1952. 

7. Mu.tiertz, S. A plasminogen activator in spon- 
taneously active human blood. Proc. Soc. Exper. 
Biol. @ Med., 82: 291, 1953. 

8. MuLLeRTz, S. Mechanism of activation and effect 
of plasmin in blood. Acta physiol. Scandinav., 38: 
130, 1956. 

9. AtBREcHTSEN, O. K. Fibrinolytic activity of 
human tissues. Brit. J. Haemat., 3: 284, 1957. 

10. Atprecutsen, O. K. Fibrinolytic activity of 
animal tissues. Acta Physiol. Scindinav., 39: 284 
1957. 

11. Avkyaersic, N., FLercuer, A. P. and Suerry, S. 
Activation of human plasminogen. 1. Spon- 
taneous activation in glycerol. J. Biol. Chem., 
233: 81, 1958. 

12. Avxyaersic, N., FLercuer, A. P. and Suerry, S. 
Epsilon-amino caproic acid: an inhibitor of 
plasminogen activation. J. Biol. Chem., 234: 832, 
1959. 

13. SHutman, S., ALkyAERSIG, N. and SnHerry, S. 
Physiochemical studies on human plasminogen 
(profibrinolysin) and plasmin (fibrinolysin). J. 
Biol. Chem., 233: 91, 1958. 

14. SHerry, S., Linpemeyer, R. I., FLercuer, A. P. 
and ALkjAERSIG, N. Studies on enhanced 
fibrinolytic activity in man. J. Clin. Invest., 38: 
810, 1959. 

15. Guest, M. M., Dary, B. M., Ware, A. G. and 
Seecers, W. A study of the antifibrinolytic 
activity in human plasmin during pathological 
states. J. Clin, Invest., 27: 793, 1948. 

16. Guest, M. M., Ware, A. G. and Seecers, W. H. 

A quantitative study of antifibrinolysin in chick 
plasma: increase in antifibrinolysin activity 
during pteroylglutamic acid deficiency. Am. J. 
Physiol., 150: 661, 1947. 

17. SHutman, N. R. Mechanism of the inhibition of 
trypsin, plasmin and chymotrypsin by serum 
using fibrin tagged with I’ as a substrate. J. 
Exper. Med., 95: 571, 1952. 

18. Jacossen, K. Trypsin and plasmin inhibitors in 
human blood serum. Scandinav. J. Clin. @ Lab. 
Invest., 7: suppl. 14, 1955. 

19. SANDBERG, H., Tstrouris, G., pELEon, A. C., Jr. 
and Be.iet, S. Studies on inhibition to the 
plasmin-plasminogen fibrinolytic enzymes in 
patients with myocardial infarction. Am. J. 
Cardiol., 5: 666, 1960. 

20. Tsrtrouris, G., SANDBERG, H., pELEon, A. C., Jr., 
Lecxs, L. E. and Beturet, S. Studies of the 
plasmin-plasminogen system in thromboembolic 
diseases. Its modifications by Thrombolysin 
therapy. Am. J. Cardiol., 5: 680, 1960. 

21. SanpBerG, H., Tsrrourts, G. and S. 
Experience with inhibitors to the plasmin- 
plasminogen system in patients with thrombo- 
embolic diseases and its modifications by Throm- 
bolysin. Am. J. Cardiol., 6: 432, 1960. 

22. Tsrrouris, G., BeLtet, S., Eicperc, R., FeEinBerc, 
L. and Sanpserc, H. The effects of major 


not 
ae 
| 
i 
Ma 
4: 


828 


23. 


24. 


25. 


26. 


27. 


28. 


29. 
30. 


surgery on inhibitors to the plasmin-plasminogen 
system in man. Arch. Int. Med., 108: 208, 1961. 

Sawyer, W. D., FLetcuer, A. P., ALKJAERSIG, N. 
and SuHerry, S. Studies on the thrombolytic 
activity of human plasma. J. Clin. Invest., 39: 
426, 1960. 

Mut.eErtz, S. Fibrinolytic activity of human 
blood after death. Acta physiol. Scandinav., 27: 
265, 1952. 

Kwaan, H. C. and McFapzean, A. J. S. Plasma 
fibrinolytic activity induced by ischemia. Clin. 
Sce., 15: 245, 1956. 

STEFANINI, M. and DAMEsHEK, W. The Hemor- 
rhagic Disorders. New York, 1955. Grune & 
Stratton. 

Suerry, S., A. P. and ALkjAErsic, N. 
Fibrinolysis and fibrinolytic activity in man. 
Physiol. Rev., 39: 343; 1959. 

Seecers, W. H. Blood coagulation and the prac- 
tical significance of recent advances in knowledge 
of prothrombin and Ac-Globulin. Circulation, 1: 
2, 1950. 

Astrup, T. The biological significance of fibrinol- 
ysis. Lancet, 2: 565, 1956. 

RatnorFr, O. D. Studies on a proteolytic enzyme 
in human plasma. tv. The rate of lysis of plasma 
clots in normal and diseased individuals with 
particular reference to hepatic disease. Bull. 
Johns Hopkins Hosp., 83: 29, 1949. 


31. 


32. 


33. 


34. 


35. 


36. 


Tsitouris et al. 


J. P., Matuey, J., LeBottocn, A. G., 
Daumet, P. and Fayet, H. Syndrome hemor- 
rhagiques mortels avec incoagulabilite totale par 
defibrination et avec fibrinolyse. 1. Au cours des 
exereses pulmonaires. Rev. hematolog., 7: 80, 
1952. 

RatnorFr, O. D. Studies on a proteolytic enzyme 
in human plasma. vu. A fatal hemorrhage state 
associated with excessive plasma _ proteolytic 
activity in a patient undergoing surgery for car- 
cinoma of the head of the pancreas. J. Clin. 
Invest., 31: 521, 1952. 

Weiner, A. E., Rem, D. E. and Ropy, C. C. 
Incoagulable blood in severe premature separa- 
tion of the placenta. A method of management. 
Am. J. Obst. & Gynec., 66: 475, 1953. 

SEEGERS, W. H. and Scunemwer, C. L. The nature 
of the blood coagulation mechanism and its 
relationship to some unsolved problems in 
obstetrics and gynecology. Am. J. Obst. & Gynec., 
61A: 469, 1951. 

Seecers, W. H., LANpABuRu, R. H., and JoHNson, 
J. F. Significance of thrombin E in the pro- 
thrombin activation sequence. Nature, London, 
185: 930, 1960. 

Currron, E. E. Review of clinical experience 
with clot lysing agents. Am. J. Cardiol., 6: 476, 
1960. 


THE AMERICAN JOURNAL OF CARDIOLOGY 


= 
> 
‘ 
= 
= 
= 
UNG 
= 
4 
le 
eG 
+ 
ae tr ie 
— 
Sar 
ihe” 


Serum Enzyme Activities of Glutamic 


Oxalacetic Transaminase, 


Lactic 


Dehydrogenase and Isocitric Dehydrogenase 
Following Embolization of the Dog Limb’ 


Uco Manzoli, m.p. and RAYMOND PENNEYs, M.D. 


Philadelphia, Pennsylvania 


HE EVALUATION of the degree of ischemic 
damage of an embolized limb is a pressing 
clinical problem; a-need for embolectomy or 
amputation may be overlooked, and occasionally 
a patient may become toxic from the ischemic 
limb and die before the limb is amputated.! 
Conversely, a mildly ischemic limb may be 
amputated in the belief that it is the source of 
toxicity, which clinically is manifested by rather 
nonspecific signs such as tachycardia, elevation 
of the white blood cell count and somnolence. 
This evaluation of ischemic damage is based 
largely upon physical examination of the affected 
limb, which must be performed promptly, re- 
quires some degree of skill, and even then has 
certain inherent limitations. First, most physi- 
cal abnormalities, e.g., absent pulses, coolness 
and discoloration, do not reflect the viability 
of the tissues; only gangrene is an invariable 
sign of tissue necrosis. Second, these physical 
abnormalities, which are almost entirely con- 
fined to the skin, are variously affected by the 
existing degree of vasomotor spasm as well as by 
arterial occlusion. Third, they do not reveal 
the condition of the deeper tissues; extensive 
areas of necrosis may develop in these tissues 
before the skin itself shows signs of frank necrosis. 
These limitations in the physical examination 
are not compensated for by the available circula- 
tion tests. The oscillometric reading largely 
depends upon the patency of the major arteries, 
which can be occluded and still scarcely reduce 
resting blood flow of the limb below normal.’ 


The vasodilatation test measures skin flow and 
not that of the deeper tissues; it requires several 
hours and must be done in a thermoregulated 
cool room for reliable measurements of skin 
temperature.* The histamine ‘“‘wheal” test 
also measures only skin flow, still gives a normal 
response when the flow is already considerably 
reduced and may give an abnormal response 
with marked vasospasm in the absence of 
arterial occlusion.* Plethysmography provides 
blood flow measurements of the skin and deeper 
tissues separately, but it is hardly practicable in 
acute clinical situations. Even then it must be 
realized that resting flow may be only slightly 
reduced in a limb seriously affected by arterial 
disease.” 

To evaluate the ischemic damage resulting 
from acute arterial occlusion we have, therefore, 
searched for other methods and have turned to 
biochemical analyses because they have been 
shown to reflect cellular damage. Our atten- 
tion soon became directed to the use of certain 
serum enzymes, especially glutamic oxalacetic 
transaminase (GOT) because of their demon- 
strated usefulness, by Wroblewski, LaDue and 
others*~’ in the evaluation of myocardial damage 
resulting from ischemia. The fact that the 
skeletal musculature is also rich in these enzymes 
suggested to us that ischemic damage of the 
skeletal muscle should also produce similar 
elevations in the serum enzyme activity. Some 
confirmation of this has already been supplied by 
Feruglio, Bellet and Feinberg, as well as by other 


* From the Peripheral Vascular Section of the Division of Cardiology, Philadelphia General Hospital (supported by 
Public Health Service Grant H-5001, from the National Heart Institute) and the Vascular Section, Robinette Founda- 
tion, Hospital of the University of Pennsylvania, Philadelphia, Pennsylvania. 
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investigators,’—!° who showed that the serum 
GOT could become elevated in dogs with 
experimentally induced ischemia of the limb 
and in patients having an embolism of the limb. 
Methods for analysis of these enzymes have be- 
come standardized, increasingly available, are 
not too time-consuming, and the necessary blood 
samples can be drawn from the systemic venous 
blood and preserved, if necessary, until analysis 
is available, all adding to the clinical potentiali- 
ties of such enzyme studies with acutely ischemic 
limbs. 

We believed, therefore, that further studies on 
serum enzymes with the acutely ischemic limb 
were needed to establish their clinical usefulness 
and that more animal experimentation was 
necessary. The method of producing ischemia 
had to be standardized, more frequent blood 
samples were needed, the enzyme changes had 
to be related to the onset of ischemic changes in 
the limb, and the nonspecific effects of the 
experimental procedure had to be controlled. 
In addition, other enzymes such as lactic de- 
hydrogenase (LDH) and isocitric dehydrogenase 
(ICD), which, like GOT, are elevated but at 
different time intervals after the onset of 
myocardial ischemia, could be included. 


METHOD 


Ischemia of a hind limb of sixteen mongrel dogs of 
both sexes, weighing between 15 and 20 kg., was 
produced by embolization with lycopodium spores 
injected into the femoral artery to produce complete 
occlusion of the artery.8 —The dogs were anesthetized 
with Nembutal® (25 mg./kg.) intravenously, and a 
longitudinal incision measuring about 2 cm. in 
length was made in the groin just above the inguinal 
ligament, under sterile conditions. The femoral 


artery (and vein) were separated from the fascia, and . 


a polyethylene catheter was inserted through a small 
incision in the wall of the artery and advanced dis- 
tally for approximately 7 cm. Two cc. of a sterile 
10 per cent suspension of lycopodium spores in nor- 
mal saline solution was then rapidly injected into the 
catheter. The catheter was then removed and the 
wall of the artery and skin were sutured. The com- 
plete operation took approximately 15 to 30 minutes; 
the effects of anesthesia generally lasted less than 4 
hours. After surgery, the animals were returned to 
their cages and allowed to resume physical activity. 
No attempt was made to treat the animals for the re- 
sults of the embolism. ‘They were, however, given 
penicillin (500,000 units) in the immediate post- 
operative period, and daily for 4 days, to prevent 
incidental infection of the surgical wound. 

After surgery, observations were made regularly on 
the appearance of the affected limb, and the following 


changes were noted: the arterial pulse in the limb 
distal to the site of embolism disappeared immediately 
after embolism, and within a few hours the lower 
portion of the limb became definitely colder than 
the opposite limb. Limping appeared soon after the 
animal recovered from anesthesia. Loss of hair, 
discoloration (brown, violaceous tint) and tenderness 
of the limb were noticed after approximately 48 
hours. ‘These changes were observed in all sixteen 
dogs. After 48 hours the ischemic changes progressed 
in all instances, in most animals gangrene developed 
and the animals were then killed. The fate of the 
dogs was as follows: in three dogs gangrene did not 
develop. ‘Two of the three died within 48 to 72 
hours, and the third was killed after 72 hours. In 
thirteen dogs gangrene developed, dry in ten and 
moist in three. Four of the ten died within 48 to 72 
hours and nine were killed within 90 to 144 hours. 

To observe the possible nonspecific effects of our 
experimental procedure upon the level of the serum 
enzymes, four dogs were subjected to “‘sham’’ opera- 
tions; the groin was incised, again with the dog under 
general anesthesia, the artery manipulated and then 
the skin was sutured. ‘These animals were also kept 
under observation after surgery and it was found, as 
expected, that the limb and general health of the 
animals remained normal. 

Serum Enzyme Determinations: All blood samples for 
the serum enzyme determinations were taken in the 
unanesthetized state. Systemic venous blood was 
sampled rather than the venous blood of the af- 
fected limb, because such samples are more easily 
obtained and adequately reflect enzyme changes from 
myocardial ischemia.‘"~'* Control samples were 
taken over a period of four to six days before the 
operation to observe any spontaneous variations in 
the enzyme levels. Samples were obtained at 4, 12, 
24, 48, 72 and 96 to 144 hours after surgery, when 
possible. They were usually drawn from a vein of an 
anterior limb and were taken with the utmost care 
to avoid hemolysis. Despite this, some samples 
were grossly hemolyzed and were therefore discarded. 
All acceptable samples were centrifuged at 2,000 
revolutions per minute for 15 minutes and the serum 
was carefully separated and analyzed immediately 
for the activity of the three enzymes, or stored in a 
refrigerator (at —20°c. for GOT and LDH and at 
4°c. for ICD) until the analyses were made. GOT 
was determined by the method of Karmen, Wfob- 
lewski and LaDve,'4.5 LDH by the method of 
Kornberg" and ICD by a modification of the method 
of Wolfson and Williams-Ashman'* by Bowers.” 


RESULTS 


Increases of GOT, LDH and ICD were 
observed soon after embolization, the average 
4 hour postembolism value already being 
definitely elevated above the control value 
(Fig. 1). They remained significantly elevated 
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Fic. 1. Serum enzyme activity with embolization and with “sham” operation; all experiments. The number of 
samples changed up to 24 hours because all hemolyzed samples were discarded. After the 24 hour period, the death or 
sacrifice of the dogs, in addition to hemolysis, accounts for the decreased number of samples. 
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throughout the entire postembolism period up 
to 144 hours.* GOT had the greatest elevation, 
with a peak value of approximately twenty 
times the control value that was statistically 
significant at 24 to 48 hours after embolism. 
LDH and ICD reached their highest values, 
which were about three and six times the control 
values, respectively, at approximately 12 hours 
after surgery and showed no statistically signifi- 
cant fluctuations during the remainder of the 
postembolism period. 

Analysis of serum enzyme levels of the three 
dogs in whom gangrene did not develop showed 
no gross difference from that of the thirteen dogs 
in whom gangrene developed. Also, there was 
no difference between the six dogs that died and 
the ten that were killed. 

In the four dogs with sham operations (Fig. 1) 
there were no significant changes in the serum 
enzyme levels postoperatively from the control 
values, demonstrating that embolization and not 
other nonspecific factors, e.g., anesthesia, was 
responsible for the enzyme elevations. 

(Another set of experiments was performed 
to study the effect of milder degrees of ischemia 
of the limb. The femoral artery was occluded 
by clamping, for one hour and for three hours 
in two groups of six animals each; in neither 
group was there any evidence of serious damage 
to the limb. Levels of the two enzymes 
measured, GOT and ICD, remained essentially 
unchanged during the 24 hours observation 
period after occlusion. '*) 


COMMENTS 


Mechanism of Elevation of Serum Enzyme Activity: 
Our findings that arterial embolization of the 
dog limb results in an early and persistent eleva- 
tion of the serum enzymes GOT, LDH and 
ICD provide us with some index of the bio- 
chemical changes in the acutely and severely 
ischemic limb. As with acute ischemia of the 
myocardium, the degrees of increase and changes 
with time of the activity of the three enzymes 
differ markedly." The reasons for these differ- 
ences are not fully understood.'® Although the 
action of these enzymes has been fairly well 


* The binomial test for algebraic signs yielded proba- 
bilities well below 0.05 for most periods tested. When 
the sample was too small for this test to be significant, 
Students’ “‘t” distribution was used to test for the 
significance of the mean change in enzyme value before 
and after embolism. In all cases but one, where it was 
applied the ‘‘t” test yielded probabilities well below 0.05. 
The exception was LDH at 12 hours postembolism 
when it was still below 0.1. 


described, } many factors involved in their release 
from the tissues and in their subsequent fate in 
the body are still being investigated by many 
workers. 

Clinical Application: Regardless of the mecha- 
nism responsible for the elevation of their 
activity, these enzymes, by providing biochemical 
evidence of ischemic damage, may prove to be a 
valuable adjunct in the management of patients 
having similar lesions. Since our enzyme eleva- 
tions occurred soon after embolism, before the 
appearance of gangrene or other signs of irrepa- 
rable damage, they may help determine the 
viability of the deeper tissues of the extremity at 
a time when the clinical examination does not. 
Enzyme changes taking place late after embolism 
may give us some insight into the mechanism 
responsible for the toxicity encountered with 
ischemic breakdown, which may have been 
responsible for the death of some of our animals. 
Serial determinations of GOT would probably 
be the most helpful to determine this later stage 
since GOT shows a definite decrease over its 
preceding values. Also, if amputation of the 
limb becomes necessary the degree of elevation 
of the enzymes may lead to a better understand- 


t GOT reversibly catalyzes the transfer of the a- 
amino group of aspartic acid to a-ketoglutaric acid.”~2? 
LDH catalyzes the reversible reaction: reduction of 
pyruvic acid by reduced diphosphopyridine nucleotide 
to lactic acid.** ICD catalyzes the beta-oxidative de- 
carboxylation of isocitric acid in the presence of tri- 
phosphopyridine nucleotide. Although these three 
enzymes are bound to the cells in a different manner, 
they are all involved in important intermediary meta- 
bolic sequences and are found in practically all tissues, 
including the skeletal muscle. '¢.25.26 

tSome of these factors are: (1) the rate of tissue 
wasting and the amount of tissue damaged; (2) the 
location of the enzyme and the nature of the binding of 
the enzyme to the cells, which affect the ease with which 
it escapes into the serum.* GOT is present in the 
nucleus and cytoplasm and is attached to the mitochon- 
drion. LDH is free in the soluble fraction of the cyto- 
plasm. ICD is fixed to the mitochondrion"; (3) the 
permeability of cells to the enzyme, where pH, tem- 
perature, oxygen content, glucose and potassium con- 
centration play a role?’—2%; (4) the presence of activat- 
ing, or inhibiting, substances in the serum. Known 
activating substances are: pyridoxal phosphate in the 
GOT reaction, DPN and TPN in the LDH and ICD 
reactions. The presence or absence of inhibitors such as 
traces of heavy metals, or activators such as manganese 
for ICD, zinc for LDH and copper for GOT can also 
change the enzyme activity without altering its con- 
centration. It is known that the concentration of zinc 
and copper in serum changes markedly after myocardial 
infarction, and it is likely that other cations and anions 
also change’:*.3! (5) the rate of removal of the enzyme 
from the circulation, whether by excretion or metab- 
olism. 
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ing as to the level for amputation, another matter 
not well established by existing methods. 

Whatever clinical application is made of such 
enzyme studies, the presence of other conditions, 
especially myocardial infarction and to a lesser 
extent hepatitis, which can also produce enzyme 
elevations, must be taken into account. The 
value of the studies will depend largely upon 
the clinical setting in which they are used. 


SUMMARY 


The effect of acute, severe ischemia of the dog 
limb upon the serum enzyme activities of glu- 
tamic oxalacetic transaminase, lactic dehydro- 
genase and isocitric dehydrogenase was deter- 
mined by embolization of the femoral artery 
with lycopodium spores. All three enzyme 
activities became elevated soon after emboliza- 
tion and remained so during the entire post- 
embolism observation period, lasting up to 144 
hours. GOT showed the greatest rise, with a 
peak value at 24 to 48 hours. In contrast, 
“‘sham’’ operations produced no serum enzyme 
changes. 

By providing biochemical evidence of ischemic 
damage, serum enzyme studies should be a 
valuable adjunct to the routine clinical examina- 
tion and circulation tests in the management of 
embolism of the limb. 
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New Method 


A Potential Hazard of the Transseptal Left 
Atrial Catheterization Technic’ 


Henry D. McInrTosH, M.D., RoBERT E. WHALEN, M.D., RAFAEL R. HERNANDEZ, M.D., 
James J. Morris, M.D. and D. Epmonp MILLER, M.D. 


XPERIENCE in this clinic with over 100 
E patients has demonstrated that the trans- 
septal technic! for left atrial catheterization is 
relatively easy and free of major complication.*’ 
Utilization of percutaneous methods for intro- 
ducing the catheter* through which to pass the 
needle and the ease with which the catheter may 
subsequently be passed over the needle into the 
left atrium* make this method extremely useful. 

However, passing a 59 cm. needle into the 
venous system and atria through a guiding 
catheter or “sleeve” is fraught with potential 
hazard. The point of the needle must be 
sharp. or it will not easily penetrate the intera- 
trial septum. If the point is sharp enough it 
can also be forced through the wall of the 
guiding catheter. The present report discusses 
this potential hazard and describes certain 
undesirable characteristics of the radiopaque 
Nylon® catheter which is generally used as 
the “‘sleeve”’ for the needle. 

Penetration of Catheter ‘“‘Sleeve” by Needle: 
We know of four such instances when the needle 
inadvertently perforated the guiding catheter. 
Fortunately there were no serious sequelae. 
Figures 1 and 2 (top) show an x-ray film and 
photograph of such a penetration that occurred 
in our laboratory. It was immediately rec- 
ognized that the needle had penetrated the 
catheter wall in this instance, as the study was 
being done with an image intensifier.f To 

} Eight inch, Picker X-ray Corp., White Plains, New 
York, 


Durham, North Carolina 


determine if the penetration could have been 
recognized with conventional fluoroscopy, the 
same catheter and needle were placed in a 
phantom with a density similar to a 70 kg. man. 
Despite accommodating for 10 minutes, we could 
not recognize the needle tip extending through 
the catheter with conventional fluoroscopy. 
Unexpected penetration of the catheter by 
the needle may be avoided by using a leading 
stylus (Fig. 2, bottom).? It is possible with force, 
however, for the stylus to penetrate the catheter. 
The internal wall of the Nylon catheter tends 
to become rough and obstruct the free pas- 
sage of the needle. If resistance is encountered, 
the needle should be withdrawn several centi- 
meters and the catheter rotated. If resistance 
is again encountered, the needle should be 
removed and a new catheter introduced. It is 
apparent that monitoring the passage of the 
needle with an image intensifier is an added 
precaution in preventing this complication. 
Elongation of Nylon Catheter by Heat and Fluid: 
It became apparent on several occasions, 
while monitoring the transseptal catheteriza- 
tion with the image amplifier, that the tip of the 
needle did not protrude beyond the end of the 
catheter as far as would be expected from pre- 
catheterization measurements. This observa- 
tion prompted an investigation of the effect of 
fluid and heat on the No. 8 Lehman Nylon 
catheterst used as a “‘sleeve” for the trans- 


¢ U. S. Catheter and Instrument Corp., Glens Falls, 
New York. 


* From the Department of Medicine, Duke Medical Center, Durham, North Carolina. 
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Fic. 1. “Spot” x-ray film showing the No. 8 Nylon 
Lehman catheter penetrated by the Ross-Braunwald 
transseptal needle (left); retrograde aortic catheter 
(right). 


septal needle. Table 1 demonstrates that the 
Lehman catheter actually increases in length 
when placed in a 37 degree water bath. There 
was no change in length when the catheter was 
placed in water at room temperature. Thus, 
careful measurement, prior to catheterization, 
of the length of protrusion of the needle past 
the catheter may not be accurate after the 
catheter has been in the body for more than a 
few minutes. The catheter may also be 
stretched by the needle if the tip meets resistance 
while passing through the catheter and pres- 
sure is exerted. 

The elongation of the Lehman Nylon catheter 


TABLE I 


Changes in Catheter Length (mm.) in a 37°c. Water 
Bath 


30 60 


Type of Catheter Minutes | Minutes 


No. 8 Lehman* A +2 +11 
B +4 +10 
Cc +7 +13 
No. 8 Ross #C-10 Teflon* —1 — 1 
PE-205 Polyethylene Tubingt 0 + 1 
Yellow Odman-Ledint +2 + 3 


* U.S. Catheter and Instrument Corp., Glens Falls, 
New York. 

¢ Clay Adams, New York, New York. 

t Picker X-Ray Corp., White Plains, New York. 


t 


Fic. 2. Top: Photograph of the same catheter and needle 
seenin Figure 1. Bottom: Leading rounded stylus for 
introduction of Ross-Braunwald transseptal needle (left 
insert). The screw stop was made locally (right insert). 


is thought to be due to the hydrophilic and 
thermoplastic properties of the Nylon threads.® 
Teflon® catheters* do not appear to elongate 
(Table 1). The material is said to be essentially 
void of hydrophilic properties.6 The internal 
lumen is smoother than the Nylon catheter and 
the point of the needle is less likely to meet 
resistance and penetrate the wall. Odman- 
Ledin and polyethylene tubing are also fre- 
quently used as a “‘sleeve”’ for the needle. The 
former is radiopaque, the latter is not. Table 
1 indicates that the Swedish tubing may elongate 
2to3 mm. We have had no experience with 
radiopaque polyethylene tubing. 

In retrospect, we believe that some of our 
‘difficult’ transseptal catheterizations were due 
to elongation of the catheter. The tip of the 
needle was probably not extending sufficiently 
beyond the catheter tip to penetrate the septum. 
When the septum is not crossed easily as ex- 
pected, there is a natural tendency to “push 
harder” or try another site. Both acts are 
potentially hazardous. 


SUMMARY AND CONCLUSIONS 


1. A potential hazard of the transseptal 
technic of left heart catheterization is penetra- 
tion of the wall of the guiding catheter with 
possible laceration of the great veins or right 
atrium. Suggestions for preventing this po- 
tential complication are offered. 

2. Radiopaque Nylon catheters, commonly 


* U.S. Catheter and Instrument Corp., Glens Falls, 
New York. 
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used as the “sleeve” for the transseptal needle, 
elongate when placed in an environment of 37°c. 
Radiopaque Teflon catheters are free of this 
disadvantage. Use of such catheters is recom- 
mended for this procedure. 
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Report on Therapy 


Treatment of Paroxysmal Atrial Arrhythmias 
with Acetyl-Strophanthidin’ 


JONAS BEREGOVICH, M.D., RAMON FLORENZANO, M.D. and GASTON DUSSAILLANT, M.D. 


Santiago, Chile 


‘ 

CETYL-STROPHANTHIDIN is a synthetic deritva- 

tive of strophanthidin! producing effects 
similar to those of digitalis glycosides.? After 
its intravenous injection, a rapid onset and a 
limited duration of action are obtained.* About 
70 per cent of the effect is observed within 5 
minutes and 85 per cent within 10 minutes, its 
total duration being approximately 4 hours. 
Intoxication, if produced, would not last for 
more than 1 hour. One milligram of acetyl- 
strophanthidin is equivalent to 0.5 mg. of 
ouabain; however, the speed of action and the 
duration of effect are notably shorter with acetyl- 
strophanthidin.* 

Because of these properties, acetyl-strophan- 
thidin has been used in acute heart failure® 
when immediate digitalization seems advisable. 
It has also been used, in small repeated doses, 
to test the degree of digitalization of patients 
when this is in doubt.*”. Enselberg et al.? and 
Castellanos et al.!° have reported a rapid con- 


version to normal rhythm in a few cases of | 


supraventricular tachycardias. 

During the last year we have treated with 
acetyl-strophanthidin a small number of pa- 
tients with paroxysmal atrial arrhythmias that 
had been particularly prolonged and had proved 
resistant to other more usual forms of treatment. 
We have been impressed by the rapid and con- 
sistent conversion to normal rhythm and by the 
absence of untoward reactions with our schedule 
of slow intravenous injection in divided doses. 


MATERIAL AND METHOD 


Nine patients with paroxysmal atrial arrhythmias 
have been treated between March and November 
1960 (Table1). Six displayed supraventricular tachy- 


cardias (two of them with aberrant intraventricular 
conduction) and three displayed paroxysmal atrial 
flutter (two with 1:1 conduction and one with 2:1 
conduction). One patient with atrial tachycardia 
was treated during two paroxysms, giving a total of 
ten treated episodes. 

In seven patients the recurrent paroxysmal ar- 
rhythmia was the sole cardiac abnormality present. 
Rheumatic heart disease was present in the other two 
patients. 

In almost every instance the attack—prior to its 
treatment with acetyl-strophanthidin—had lasted for 
several hours and had been unresponsive to vagal 
stimulation, oral quinidine or intravenous lanatoside 
C. 

Method of Administration: In general, the contents of 
one ampul of acetyl-strophanthidin, containing 0.5 
mg. of the drug, was diluted to 10 ml. with saline 
solution and injected intravenously very slowly over a 
period of 10 minutes. If necessary, after a period of 
10 minute rest, a second dose of 0.5 mg. was injected 
in the same manner (or divided into two 0.25 mg. 
doses separated by a 10 minute interval). The total 
dose did not exceed 1 mg., a maximum that should 
rarely be surpassed. 

In the case of patients under the effect of previous 
digitalis medication, and of those with advanced 
cardiac impairment or recent myocardial infarction, 
an initial dose of 0.125 mg. (2.5 ml. of the solution 
cited) administered over a period of 2 to 3 minutes 
is advised. After consecutive intervals of 5 minutes 
the same dose can be repeated, never exceeding the 
total amount of 1 mg. of the drug. 

Careful clinical observation as well as electrocardio- 
graphic control by means of a direct-writing appara- 
tus are essential and were maintained throughout the 
procedure. The injection of acetyl-strophanthidin 
was discontinued immediately upon the conversion 
of the rhythm. Clinical or electrocardiographic signs 
of toxicity were not observed in our cases; should 


* From the Department of Cardiology, Hospital del Salvador, University of Chile. 
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TABLE I 
Summary of Cases 
Total Dose of 
Case Age . . Duration and Previous Acetyl- . ECG after 
No. (yr.) Treatment of Attack Strophanthidin Treatment 
(mg.) 
1 62 Supraventricular tachycardia, re- | 2 hours; vagal stimulation 0.7 During Normal 
; current treatment 
2 51 Atrial flutter; 1:1 conduction, | 8 hours; vagal stimulation; 1.0 30 seconds Normal 
recurrent quinidine, 1.6 gm.; lanato- after 
side C, 0.4 mg. treatment 
3 59 Supraventricular tachycardia, re- | 15 hours; vagal stimulation; 0.3 During W-P-W syndrome 
current; W-P-W syndrome lanatoside C, 0.4 mg. treatment 
4 47 Atrial flutter; 2:1 conduction; | 16 hours 1.0 No Atrial fibrillation 
rheumatic heart disease 
5 27 (episode 1) Supraventricular | 15 minutes (during right heart 0.3 During Left and right ventricu- 
tachycardia; rheumatic heart catheterization); withdrawal treatment lar hypertrophy; nor- 
disease of catheter; vagal stimula- mal rhythm 
tion. 
(episode 2) Supraventricular | Recurrence of attack 45 minutes 0.3 During Left and right ventricu- 
tachycardia later treatment lar hypertrophy; nor- 
mal rhythm 
6 51 Supraventricular tachycardia, re- | 3.5 hours; vagal stimulation; 0.5 During Normal 
- current quinidine, 0.8 gm. treatment 
7 48 Supraventricular tachycardia; Duration not known; vaga 0.15 During Normal 
aberrant intraventricular con- stimulation treatment 
duction 
8 52 Supraventricular tachycardia; 10 hours; vagal stimulation; 0.5 During Normal 
‘ aberrant intraventricular con- quinidine, 1.6 gm. treatment 
duction, recurrent 
9 52 Atrial flutter; 1:1 conduction, | 5 hours; vagal stimulation; 0.5 During Normal 
recurrent quinidine, 0.8 gm. treatment 


they occur, immediate cessation of administration of 
the drug is imperative. 


RESULTS 


In nine cases a rapid conversion to normal 
rhythm was obtained (Table 1). A total dose of 
1 mg. of acetyl-strophanthidin failed to modify 
the arrhythmia in only one case (Case 4), a 
patient with atrial flutter with 2:1 conduction. 
The subsequent use of intravenous lanatoside 
C, 0.4 mg. every 8 hours, transformed the flutter 
into atrial fibrillation. 

The total dose of acetyl-strophanthidin re- 
quired in the nine successful cases ranged from 
0.15 to 1 mg. In eight cases the conversion 
was achieved while the drug was being ad- 
ministered (Figs. 1 to 4). In the remaining 
case the conversion occurred 30 seconds after 
the total dose of 1 mg. had been compieted. 

The conversion to normal rhythm took place 
with equal ease in patients with or without 
associate cardiopathies, Wolf-Parkinson-White 
syndrome or aberrant intraventricular conduc- 
tion. 

Clinical symptoms or electrocardiographic 
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signs of digitalis intoxication were not observed 
in our patients. The electrocardiogram showed 
S-T and Q-T changes characteristic of digitalis 
effect in only three cases. 


COMMENTS 


Acetyl-strophanthidin proved to be an effi- 
cient drug for conversion of paroxysmal atrial 
tachycardia or flutter to normal rhythm. 
Although these arrhythmias are usually benign 
disorders, prompt treatment is necessary when 
the attack has been unduly prolonged or when 
simpler measures have been ineffective. At 
least in these cases, acetyl-strophanthidin might 
well become the drug of choice. In most of our 
cases, the conversion took place during the time 
of drug administration, an effect reminiscent 
of the conversion of ventricular tachycardia 
with procaine amide" and one that is rarely 
observed with other drugs used for supraven- 
tricular arrhythmias. 

The clinical use of acetyl-strophanthidin has 
been greatly curtailed by the report of oc- 
casional fatalities following its administra- 
tion.7.10,"2,18 However, if one considers criti- 
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atrial tachycardia. Conversion to normal rhythm is 
observed in the electrocardiogram after 0.7 mg. acetyl- 
strophanthidin had been given by intravenous injection. 


cally these cases, an improper use or indication 
of the drug is evident in every instance, the 
main error having been the single and rapid 
intravenous administration of a full dose of 
acetyl-strophanthidin to patients with clear 
contraindications to its use. 

Since acetyl-strophanthidin is a relatively new 
and potent drug, a thorough knowledge of its 
pharmacologic properties, dosage and con- 
traindications is necessary. Overdosage must 
be carefully avoided particularly in advanced, 
deteriorated or acute cardiac cases and in 
patients having previously received digitalis or 
strophanthus. Extreme care must be taken 


to reject cases of paroxysmal atrial tachycardia 
with A-V block, usually due to digitalis tox- 
icity. In our opinion, absolute contraindications 
for the use of acetyl-strophanthidin are the 
following: (1) digitalis overdose or toxicity, 
(2) ventricular tachycardia and (3) frequent 
ventricular premature beats. Relative contraindi- 
cations are recent myocardial infarction and po- 
tassium depletion. 

The method of administration of small divided 
doses by slow and intermittent intravenous 
injection under close clinical and electrocardio- 
graphic control has not been followed by any 
untoward effect in this group of patients nor in a 
second group of thirty subjects in whom a digi- 
talis tolerance test employing acetyl-strophan- 
thidin was performed.® 


SUMMARY 


Nine patients with ten episodes of paroxysmal 
atrial arrhythmias (supraventricular tachycar- 
dias and paroxysmal atrial flutter), most of them 
prolonged and resistant to other therapies, 
have been treated with acetyl-strophanthidin. 
Small divided doses by slow intravenous injec- 
tion, not exceeding a total amount of 1 mg., 
have been used. The procedure was carried 
out under careful clinical and electrocardio- 
graphic control. Patients in whom the drug 
is contraindicated were carefully excluded. 


3 
; AB. @.8 mg iv. 
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Fic. 2. Case 8. A 52 year old patient with paroxysmal atrial tachycardia 
with aberrant intraventricular conduction, lasting for 10 hours, and resistant 
to vagal stimulation or oral quinidine up to a dose of 1.6 gm. Conversion to 
normal rhythm was obtained during the intravenous administration of acety]- 
strophanthidin, when the first dose of 0.5 mg. was just completed. 
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Treatment of Paroxysmal Atrial Arrhythmias 
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Fic. 3. Case 3. A 59 year old patient with Wolf-Parkinson-White syndrome 
and recurrent paroxysmal atrial tachycardia. This attack had a duration of 
15 hours, being unresponsive to vagal stimulation and intravenous lanatoside C. 
Conversion to normal rhythm was achieved when only 0.3 mg. of acetyl- 


strophanthidin had been injected intravenously. 


Ill 


v1 


II CONTROL mg . 


aVL avr 


Fic. 4. Case 9. A 52 year old patient with paroxysmal atrial flutter with 1:1 
conduction. The conversion to normal] rhythm is observed just at the moment 
of completion of the intravenous injection of 0.5 mg. acetyl-strophanthidin. 


In nine cases conversion to normal rhythm was 
obtained. This occurred with great promptness 
during the administration of the drug or im- 
mediately after its completion. 

Clinical symptoms or electrocardiographic 
signs of digitalis intoxication were not observed 
in this group of patients. 
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Acetyl-strophanthidin is a useful drug. It is 
potentially dangerous, as are all digitalis and 
related substances, but when properly ad- 
ministered it appears reasonably safe. With 
slow intravenous administration its promptness 
of action permits an accurate regulation of 
dosage. : 


’ 
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Historical Milestones 


Coarctation of the Aorta 
(Otto, 1824; Bertin, 1824) 


SAUL JARCHO, M.D. 


New York, New York 


URING the early nineteenth century reports 
D of coarctation of the aorta continued to 
accumulate ‘slowly. The next example to 
be considered was published by Adolph Wil- 
helm Otto under the title, Rupture of the Aorta 
Caused by Severe Localized Narrowing. This 
brief essay is found in his curious book titled 
Seltene Beobachtungen zur Anatomie, Physiologie 
und Pathologie gehorig. Zweite Sammlung.* The 
report describes the case of a seventeen year 
old girl who died after an unexplained illness 
of a’ few hours’ duration. The aorta was 
constricted in the region of the ligamentum 
arteriosum. Proximally to the stricture the 
trunk was dilated. A supravalvular rupture 
had produced fatal hemopericardium. There 
is no mention of anastomoses. 


Otto’s Case Report (1824) 


An attractive and well-nourished seventeen 
year old girl was always considered healthy 
except for occasional attacks of weeping and 
pectoral oppression, which however promptly 
yielded to youthful vigor and cheerfulness. 
One night in January, in order to visit a sick 
relative, she went with bare and _ probably 
sweating feet through an unheated apartment. 
Immediately after this she had a severe pain in 
the chest and then became very sick, with 
apprehensiveness, unconsciousness, pain in the 
chest, intermitting pulse, etc. The next morn- 


* Unusual Observations Dealing with Anatomy, 
Physiology and Pathology. Second collection. Berlin, 
1824, pages 66 and 67. 
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ing, after she had seemed improved for a brief 
period, she suddenly died. 

At autopsy nothing abnormal was found in the 
head. In the chest the lungs were healthy but 
the pericardium was distended with effused 
blood. On closer examination the following 
remarkable condition was found. The aorta, 
which in its arch was entirely normal and 
measured almost one Parisian inch in diameter, 
became gradually narrower up to the site of 
entry of the completely occluded ductus arteriosus 
Botalli so that at this point the lumen scarcely 
admitted a quill pen. Immediately beyond this 
the aorta widened again to the normal diameter. 
The narrowing of the aorta at the aforemen- 
tioned place appears to have been a develop- 
mental defect or to have arisen at latest in early 
youth, since the aorta at this place was not 
otherwise diseased. Neither thickening of 
its membranes nor scarring nor calcification, 
etc. could be seen there. In this respect the 
coats of the aorta at this place were in no wise 
different from those in the rest of that vessel. 
However it was noticed that externally to the 
aorta, near the constricted site, there was a small 
nodule containing calcareous material; be- 
neath this the layers of the vessel appeared com- 
pletely normal. I do not consider this unim- 
portant pathological process to be the cause of 
the aortic constriction. Rather it is a conse- 
guence of irritations which often arose as a 
result of the impaired flow of blood. To the 
same cause I attributed the fact that the aorta 
appeared to have lost its normal elasticity and 
showed many small white flecks, precursors of 
ossification, beneath the innermost layer. Since 
during life the blood was driven through the 
narrow site with difficulty and must often have 
become choked, so to speak, at the beginning 
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of the aorta, this region, near the heart, was 
considerably enlarged in all directions without 
being aneurysmal. Here also lay the cause of 
death. At this point, when the blocd ran faster 
through the heart because of the patient’s 
exposure to cold and the heart could further 
accelerate it through the narrowed aorta, the 
aorta had burst. The fresh jagged tear was 
situated on the left wall right above the semi- 
lunar valve. It went straight upward for 
about an inch, passed about a quarter of an 
inch behind the orifice of the left coronary 
artery, and then bent slightly outward. 
Through this tear the blood was forced under 
the outer layer, which arises from the pericar- 
dium and which was very much squeezed by 
the vessel. At this point the blood had partly 
clotted and gradually oozed into the pericardial 
cavity. This explained why the young lady 
had been able to live for about eight hours after 
rupture of the aorta. Another interesting 
finding was that in the aorta instead of three 
semilunar cusps there were only two, which 
ran a parallel course from front to back. 

The heart itself was normal in size and shape, 
although the left ventricle was a little too fleshy. 
The pulmonary artery showed nothing abnormal 
and contained the usual three semilunar 
cusps. On the surface of the heart there was a 
small plastic concretion, the vestige of earlier 


partial inflammation. 
* * 


AUTHOR’s COMMENT ON OTTO AND BERTIN 


Otto’s brief report appeared in 1824. In 
the same year R. J. H. Bertin published his 
Traité des Maladies du Coeur et des Gros Vaisseaux. 
The following excerpt is taken from the third 
chapter of the book, which is useful as a sum- 
mary of the knowledge of cardiology at that 


time. 
* 


EXCERPTS FROM BERTIN (1824) 


Science still possesses few reports of stenosis 
and more or less complete obliteration of the 
aorta. It is true that several authors refer 
rather often to stenosis of the aorta at its origin, 
especially when they have found no other 
lesion which might explain a cardiac dilatation 
that they have found. To me nothing seems 
less well established than the frequency of such 
coarctation as the cause of aneurysm* of the 

* It will be recalled that at this time the term aneu- 


rysm was still used to include cardiac hypertrophy and 
dilatation. (S. J.) 


heart. Indeed, among approximately two 
hundred cases which we have under observa- 
tion, we find not one in which it has been 
rigorously shown that the aneurysm was pro- 
duced by this cause. We do not deny that such 
a thing might happen but we believe it is much 
rarer than is commonly supposed. 

We have already stated elsewhere that we 
knew of a case in which the abdominal aorta 
had been almost completely obliterated in 
consequence of huge ossifications in its walls. 
We shall now report several other cases of the 
same kind. 

[At this point Bertin presents in detail, and 
usually at second or third hand, reports by 
Corvisart et al., by Winston and Astley Cooper, 
by Robert Graham and by Paris. ] 

Admittedly it is impossible to prepare a 
generalized description of aortic coarctation 
from the few cases which science has collected. 
What is the cause of this disease? Is it always 
ar. acquired condition? Is it sometimes con- 
genital? Are there signs by which it can be 
recognized or at least suspected? What effects 
does it have on the principal organs and their 
functions? These questions and many others 
which we might add cannot be answered 
satisfactorily. 

Nevertheless several of the effects of the 
disease can be described which are predictable 
by simple reasoning and which analogy could 
allow one to guess, even if the aforementioned 
case reports had not already revealed them in 
part. For example, the impediment which 
stricture or complete obliteration of the aorta 
causes to the flow of blood in that vessel must 
result in an enlargement and a sort of irritation 
in the vascular system behind it. Hence comes 
the dilatation of the arterial trunks which arise 
from the aorta. Hence come dilatation and 
hypertrophy of the chambers of the heart, 
and even their rupture, as apparently occurred 
in Astley Cooper’s case. Hence comes more or 
less severe cerebral congestion, especially if the 
obliteration has occurred very rapidly instead 
of gradually, so that Nature might prepare 
new exits for the blood which the aorta does not 
admit, as happens in all cases of the same kind, 
e.g. in the healing of aneurysms. 

We do not think that any method exists for 
recognizing the disease under discussion. We 
do not even know whether the extraordinary 
enlargement of the arteries which form the 
anastomotic and collateral circulation, together 
with the absence of the ordinary signs of other 
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obstruction to aortic flow might be sufficient 
to make the physician suspect stenosis or 
obliteration of the aorta, a lesion which we 
suppose to be situated always below the arch. 
However that may be, one of the most remark- 
able conclusions that can be drawn from the 
above facts is that even in these cases Nature, 
in her huge resources, finds ways of maintaining 
the circulation in parts situated below the site of 
constriction or complete obliteration of the 
aorta, although it is the principal channel 
through which blood is distributed to all the 
organs. Another consequence is immediately 
derivable from this conclusion, namely that 
ligation of the aorta, which has been achieved 
by Astley Cooper, would be a truly practicable 
procedure if it had no other objection than the 
fear that transmission of blood into the lower 
parts of the body through an anastomotic cir- 
culation would be impossible. What observa- 
tion has shown in man has been confirmed by 
experiments in live animals. The famous 
surgeon whom we have just mentioned has 
repeatedly ligated the aortas of dogs and the 
blood nevertheless passed readily into the hind 
limbs of these animals through anastomotic 
channels. In his memoir on ligation of the 
aorta, translated by M. Breschet, the same 
author has reported that at St. Thomas’s 
Hospital there is an admirable specimen which 
shows obliteration of the aorta in an animal, 
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and the numerous dilated anastomoses which 
maintained the circulation. 

We shall carry no further our reflections on 
the disease which forms the subject of this 
chapter. We fear we might go astray and 
outstrip the facts. We must stop when the 
torch of observation ceases to light our way and 
when we do not have the thread of experiment 
to guide us in our research... . 


AUTHOR’s CONCLUDING COMMENT ON BERTIN 


By Bertin’s time a few cases of coarctation had 
accumulated. In summarizing those that were 
available to him either at first hand or through 
indirect sources, Bertin attempted to draw 
a generalized picture of the disease and to 
formulate diagnostic features. In the latter 
component of his undertaking he failed, saying 
“we do not think that any method exists for 
recognizing the disease under discussion.” 

Like many others who wrote on coarctation, 
Bertin was interested in the surgical and physi- 
ologic implications of the morbid process. 
Obviously if people could survive aortic oc- 
clusion, it would seem that they could also 
survive occlusion of any other major trunk. 
In this connection the famous aortic ligation by 
Cooper was a constant point of reference. 
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Case Reports 


Congenital Coronary Arteriovenous Fistula’ 


Davi B. CARMICHAEL, M.D., F.A.c.c. and DoucLas G. DaAvipson, M.D. 


La Jolla, California 


ONG BEFORE the problem of coronary athero- 
® sclerosis attained its present recognition, a 
considerable body of literature had accumulated 
concerning aneurysm and rupture of the coro- 
nary arteries.'_ In 1912 the relationship between 
coronary arterial aneurysm and fistulous connec- 
tion with the venous system of the heart was 
initially reported.? Congenital coronary arterio- 
venous fistulas remain rare developmental le- 
sions, but their recognition is increasing, stimu- 
lated by reports of successful surgical corrections. 


CasE REPORTS 


Case 1. A 38 year old housewife had a known 
heart murmur since she was 4 years of age. During 
her school years the patient was active in sports until 
she entered college. In her freshman year exhaustion 
developed and she was advised to terminate her 
collegecareer. ‘The patient did clerical work until her 
marriage at age 29. A normal pregnancy occurred 
at age 30, with an uncomplicated delivery. Exer- 
cise fatigue ensued at age 34, and during the year 
prior to surgery, exercise fatigue was progressively 
more severe. ‘The patient denied edema of the ankles, 
orthopnea or paroxysmal nocturnal dyspnea. 


On physical examination, her height was 62 inches, - 


weight 100 pounds, and vital capacity 3,200 cc. No 
cyanosis or clubbing was noted. There was no 
precordial asymmetry and the heart size was within 
normal limits on percussion. The apical thrust was 
normal. A faint systolic thrill was noted in the 
fourth left intercostal space at the left sternal border. 
A grade 4 to-and-fro machinery murmur was 
audible widely over the anterior precordium, maxi- 
mal in the fourth left intercostal space and well heard 
in the fourth right intercostal space. The murmur 
had a superficial, rather high frequency quality that 
examiners described as being “distant from the heart 
sounds.” The peripheral vessels were not remark- 
able. There was a regular sinus mechanism at 60 
per minute. The blood pressure was 125/70 mm. Hg. 


Roentgenogram of the chest showed normal pul- 
monary vascularity, slight fullness of the main pul- 
monary arterial segment and left ventricular enlarge- 
ment of moderate degree. The electrocardiogram was 
within normal limits. 

The phonocardiogram revealed a continuous systolic 
and diastolic murmur of approximately equal inten- 
sity in the left and right fourth intercostal spaces. 

Cardiac catheterization provided the following data: 


Hemoglobin............ 13.8 gm. per cent 
eee 38 per cent 

7.44 

Ventilation. ............ 3.78 L. per minute per M? 
Oxygen uptake.......... 166 cc. 


Oxygen capacity........ 18.45 volume per cent 
Oxygen uptake.......... 117 ml. per minute per M? 
Respiration quotient... .. 0.76 


The pressure readings were within normal limits but 
there was a distinct step-up in oxygen content at the 
right ventricular level (Table 1). 

Retrograde aortography showed aneurysmal vessels 
with tortuous branches of the right coronary artery 
(Figs. 1 and 2). 

Surgical Findings: Expioratory thoracotomy was done 
by Dr. John Chambers with the pump-oxygenator in 
readiness. An aneurysmal dilatation of the right 
coronary artery was found, measuring 2 by 3 cm., 
approximately 2 cm. from the origin of the right 
coronary artery. A thrill was palpable over the 
aneurysm. Tortuous, dilated, serpentine -branches 
of the right coronary artery and the veins over the 
surface of the heart were noted (Fig. 3). Oximetry 
revealed a rise in saturation at both right atrial and 
right ventricular levels. The aneurysm was freed 
by dissection (Fig. 4) and the right coronary artery 
temporarily clamped with continuous electrocardio- 
graphic monitoring. No injury effect appeared and 
the rhythm remained stable. After a period of 5 
minutes of occlusion of the right coronary artery the 
vessel was doubly ligated. Repeat oximetry contin- 
ued to reveal a step-up in oxygen saturation at the 


* Supported in part by the Mr. and Mrs. F. H. Tewksbury grant administered by the San Diego Bio-Medical Re- 


search Institute. 
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TABLE I 
Catheterization Data in Case 1 


Oz Content 
Pressure 
Measurement (volume 
(mm. Hg) 

per cent) 
Superior vena cava 12.13 
Inferior vena cava 13.03 
Right atrium (mid) 1 12.87 
Right atrium (low) =a 13.40 
Right ventricle (mid) |18/0 (4) 14.76 


Main pulmonary 


artery 18/8 (12) 15.03 
Pulmonary wedge (3) 
Coronary sinus 7.5/0 (4) 6.14 
Aorta 107/66 (83) 17.41 (94.4) 
Systemic blood flow 3.55 L./min. 
Pulmonary blood flow 6.98 L./min. 
A-V shunt 49 per cent 


Cardiac index 
Pulmonary index 
Pulmonary arteriolar 


2.50 L./min./M? 
4.92 L./min./M? 


resistance 103 dynes sec. cm. 
Total pulmonary 

resistance 138 dynes sec. cm.“ 
Total peripheral 

res'stance 1870 dynes sec. 


right ventricular level. Additional dissection dis- 
closed several branches of the right coronary artery 
distal to the aneurysmal mass plunging into the right 
ventricular cavity. ‘These were ligated and divided. 


Fic. 1, Case 1. 
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Repeat oximetry verified stable levels of oxygenation 
at the right atrial, right ventricular, and main pul- 
monary artery levels. The postoperative course was 
benign. 

Eighteen months after surgery the physical exami- 
nation is entirely within normal limits and the patient 
carries on her normal duties wichout symptoms. 


Case 2. This was a 43 year old Caucasian woman 
whose birth and early development were reported to 
be unremarkable. At 10 years of age migratory 
polyarthralgias appeared without objective arthritis. 
A tonsillectomy was performed and all symptoms 
cleared. No comment was made about the heart; 
childhood was otherwise within normal limits. 
Exertional dyspnea occurred at age 26. This became 
progressively more incapacitating and at age 30, 
edema of the ankles appeared and a heart murmur was 
initially described. ‘The patient was digitalized and 
activities were restricted to the sedentary activities of 
a religious cloister. At age 36 orthopnea, intractable 
ankle edema, cyanosis and hepatic enlargement 
necessitated continuous medical care. Death oc- 
curred at age 43 after 17 years of chronic cardiac 
invalidism. 

On physical examination the patient was emaciated 
and pale. The heart was markedly enlarged on 
percussion, with an increased apical thrust displaced 
to the left. No thrill was palpable. A to-and-fro 
machinery murmur of grade 4 intensity and a 
peculiar superficial quality was audible in the third 
and fourth interspaces with equal intensity at the 
right and left sternal borders. ‘There was wide radia- 
tion of both systolic and diastolic components. The 


Retrograde aortogram demonstrates aneurysmal mass with dilated branches. 
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aneurysmal vessel. 


Fic. 3. Case 1. Tortuous, dilated vessels over the sur- 
face of the heart. 


blood pressure was 125/30 mm. Hg. Duroziez’ sign 
was positive. Sinus rhythm with occasional prema- 
ture contractions was maintained until immediately 
before death when atrial fibrillation supervened. 

The electrocardiogram showed left axis deviation, left 
ventricular enlargement (“‘strain” pattern) and atrial 
enlargement. A roentgenogram of the chest showed 
marked, generalized cardiac enlargement with bilat- 
eral hilar congestion. 

Autopsy Findings: The heart weighed 1,200 gm. with 
dilatation of all chambers and marked left ventricular 
hypertrophy. A tortuous, cirsoid left anterior de- 


Fic. 2. Case 1. Later stage in retrograde aortogram more clearly outlining the 


Fic. 4. Case 1. 
artery (arrow). 


Aneurysm of the right coronary 


scending branch of the left coronary artery with fistu- 
lous communication through the great cardiac vein 
to the right heart was noted. The right coronary ar- 
tery was similarly tortuous and markedly enlarged. A 
small branch of the right coronary artery terminated 
in a huge aneurysmal mass measuring 5.5 by 9 cm. 
which connected directly with the right atrium and 
with several anterior cardiac veins. The aneurysm 
was partially filled with laminated antemortem clot. 


Case 3. A 16 year old girl had a heart murmur 
discovered as an incidental finding during an episode 
of pneumonia at 18 months of age. As a young child 
she would not play as vigorously as her fellows and 
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Fic. 5. Case 3. Posteroanterior chest roentgenogram 
demonstrating widening of the base of the heart. 


voluntarily sought more rest. Respiratory infections 
were frequent. At 37 months of age she underwent 
operation with a preoperative diagnosis of patent 
ductus arteriosus. A patent vessel 1.5 cm. in length 
and 0.3.cm. in diameter was triply ligated. This pro- 
cedure did not obliterate a pronounced thrill over 
the base of the heart. The pericardium was opened 
and the surgeon described “dilation of the pulmonary 
artery as well as both auricles and a vigorous systolic 
thrill in the region of the root of the pulmonary artery 
and over the right auricle.” Postoperatively, a to- 
and-fro murmur remained audible. For 1 year the 
child remained on digitalis therapy. 

At the time of examination she was experiencing 
exercise fatigue, recurrent palpitation, recurrent pain 
in the left anterior portion of the chest and an in- 
creased susceptibility to respiratory infection. 

On physical examination her height was 67 inches, 
weight 128 pounds, and vital capacity 3,000 cc. No 
cyanosis, clubbing, or precordial asymmetry were 
present. The heart was enlarged to percussion. 
The retromanubrial pulsation was markedly increased 
and a systolic thrill was present over the left carotid 
artery. A continuous precordial thrill was maximal 
at the third left interspace at the left sternal border. 
A grade 5 to 6 to-and-fro machinery murmur was 
maximal at this point and was widely audible over 
the entire precordium. There was sinus rhythm 
at 80 per minute and the blood pressure was 130/ 
45 mm. Hg. 

The electrocardiogram presented voltage evidence 
of left ventricular enlargement. Chest roentgeno- 
gram and fluoroscopy (Fig. 5) demonstrated cardiac 
enlargement with an enlarged, widely pulsatile aorta. 
Dilation of the pulmonary arteries with an expansile 
pulsation bilaterally was noted. A phonocardiogram 
(Fig. 6) revealed a continuous systolic and diastolic 
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TABLE II 
Catheterization Data in Case 2 


Oz Content 
(volume 
per cent) 


Pressure 


Measurement (mm. Hg) 


Superior vena cava 


Right atrium (high) —e 12.66 
Right atrium (mid) 2.5 12.80 
Right atrium (low) baits 12.55 
Right ventricle (in- 

flow) 40/0-5 (17)| 14.95 


Right ventricle (mid) 
Right ventricle 


43/0-5(17) {| 15.59 


(infundibulum) 29/0-5 16.15 
Main pulmonary 

artery 27/13 (20) 15.64 
Right pulmonary 

artery 29/13 (20) 15.50 


Pulmonary wedge (10) 
Brachial artery 114/69 (88) | 17.61 (95.6) 


System blood flow 5.34 L./min. 
Pulmonary blood flow 13.40 L./min. 
A-V shunt 60 per cent 
Cardiac index 3.20 L./min./M? 


Pulmonary index 8.02 L./min./M? 


Pulmonary arteriolar 


resistance 60 dynes sec. cm.~* 
Total pulmonary 

resistance 119 dynes sec. cm. 
Total peripheral 

resistance 1318 dynes sec. cm.~* 


murmur, maximal in the third and fourth left in- 
tercostal spaces at the left sternal border. 
Cardiac catheterization provided the following data: 


Hemoglobin............ 13.7 mg. per cent 
Hematocrit....... Laren 44 per cent 
7.43 

4.0 L. per minute per M? 
Oxygen uptake.......... 264 cc. 


Oxygen capacity......... 18.42 volume per cent 
Oxygen uptake.......... 158 ml. per minute per M? 
Respiratory quotient. .... 0.7 


A moderate elevation in right ventricular pressure 
and a huge left to right shunt at the ventricular level 
were observed (Table 1). 

Retrograde aortography (Fig. 7) demonstrated 
opacification of a vascular structure apparently 
arising from the root of the aorta, progressing superi- 
orly and describing an arc to the right. This structure 
was considered to represent a markedly dilated 
right coronary artery. 

Surgical Findings: Exploratory thoracotomy was 
done by Dr. Glen Gibbons, with the pump-oxygena- 
tor in readiness. A single, enlarged, thin-walled 
vessel was found at the base of the aorta representing 
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Fic. 6. 


the entire right coronary artery medially placed 
from its normal position (Fig. 8). The structure 
was 3 cm. in length with the initial 1.5 cm. directed 
superiorly, where it described a tight arc and plunged 
inferiorly into the outflow tract of the right ventricle 
just proximal to the pulmonary valve. No branches 
were identified. The aneurysmal vessel was exposed 
until it could be clamped proximally and distally. 
Oximetry confirmed the rise in saturation at the 
ventricular level. The electrocardiogram was mon- 
itored for five minutes after clamping the vessel and 
no change occurred. The aneurysm was then 
divided in its midportion and the two ends oversewn 
(Fig. 9). 

The patient tolerated the procedure well and her 
postoperative course has been uncomplicated. Phono- 


Fic. 7. Case 3. Retrograde aortogram with arrow 
pointing to dilated right coronary artery. 


Case 3. Pre- and postoperative phonocardiographic tracings. 


cardiography (Fig. 68) demonstrated obliteration of 
the continuous murmur. 


CoMMENTS 


The lesion represents a fistulous tract between 
the coronary arterial circulation and either the 
coronary venous system, right atrium, right 
ventricle or pulmonary artery. Steinberg et al.’ 
postulate two forms of embryologic develop- 
ment. One represents an arrest in the normal 
development of the coronary vessels with reten- 
tion of primitive myocardial sinusoids. A sec- 
ond variation is composed of relatively mature 
vessels which can be identified as arteries and 
veins. Secondary changes in the vessels enter- 
ing and leaving the area of fistulous communica- 
tion result in the majority of the gross changes 
observed at surgery and many of the physical 
and laboratory findings which ease the clinical 
identification of the fistula. 

The importance of the abnormality to the 
afflicted patient has been a source of dispute. 
In a review of the relevant literature,?—"' data 
from which one may draw conclusions are avail- 
able in thirty-three cases. In this group, 
twenty-five patients either died as a result of the 
lesion, gave objective evidence of increased car- 
diac work or had symptoms indicative of cardiac 
insufficiency. In a significant number of cases 
the lesion is important and factors dictating 
importance are the age of the patient and the 
size of the shunt. Davison et al.” point out 
that congenital A-V aneurysms are known to 
increase gradually in size over the course of 
years and this necessitates a progressive rise in 
cardiac output in order to maintain an adequate 
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Fic..8. Case 3. The clamp identifies the aneurysmal 
right coronary artery arising from the root of the aorta. 


orthodox circulation in the presence of an in- 
creasing shunt. Steinberg et al.* succinctly 
state: “Given sufficient shunt-volume acting 
over a long enough period of time, left ventricu- 
lar hypertrophy and failure must inevitabiy 
occur.”’ This situation results in a high output 
failure with all of its usual consequences. Of 
interest in light of current thought is the fact 
that in spite of the high flow, high gradient and 
turbulence, little or no mertion has been made 
of atherosclerotic plaques in the afferent arteries 
or efferent veins. 

Isolated subjects survive to old age. Colbeck 
and Shaw” report the survival of a patient who 
reached the advanced age of 85 years with only 
18 months of cardiac insufficiency. The patient 
reported by White and Paul":*! in 1949 remains 
asymptomatic in spite of the fact that his surgery 
was limited to an exploratory procedure with 
with no attempt at definitive correction. The 
opposite is more likely to prevail. Large shunt 
volumes have been described in several cases in 
which physiologic data are available. Val- 
divia" described a patient who died in chronic 
cardiac insufficiency at age 25 years. The heart 
weight at autopsy was 1,800 gm. In nine 
autopsy cases* the mean heart weight was 
700 gm. 

Clinical Diagnosis: The lesion is usually dis- 
covered in one of two ways. In the analysis of 
4 continuous murmur, an unusual location of 
‘he murmur and a peculiarly superficial quality 
suggest coronary arteriovenous fistula. A siza- 


DECEMBER 1961 


Fic. 9. Case 3. The two clamps identify the over- 
sewn ends of the aneurysmal right coronary artery. 


ble number of cases have been found during an 
exploratory thoracotomy for presumed patent 
ductus arteriosus. Apart from the murmur, 
other physical findings are those anticipated 
with a left to right shunt. Suspicion must be 
aroused during auscultation or the diagnosis will 
be overlooked. The roentgenogram of the chest 
and the electrocardiogram customarily offer no 
assistance. 

Right heart catheterization demonstrating a 
left to right shunt is supportive evidence and the 
combination of a to-and-fro cardiac murmur in 
an unusual location coupled with this laboratory 
finding strongly suggests the lesion. Dye studies 
utilizing the technic of retrograde aortography 
or controlled coronary angiography present the 
greatest opportunity for definitive preoperative 
diagnosis. These findings are summarized by 
Fell et al.*' as a “diagnostic triad”’ of (1) abnor- 
mal location of a to-and-fro machinery murmur, 
(2) left-to-right shunt at the atrial or ventricular 
level and (3) a large, tortuous coronary artery 
seen by angiocardiography or aortography. 

Indications for and Results of Surgery: ‘The com- 
plications dictate the necessity for an effort at 
corrective treatment. These include cardiac 
insufficiency, bacterial endocarditis, myocardial 
ischemia and thrombosis in the anomalous vessel 
and aneurysm. 

Including the three cases presented in this 
review the world literature includes a total of 
forty-six verified cases. Since the relationship 
between congenital aneurysm oi the coronary 
arterial system and fistulous connection with 
the venous system has been appreciated for such 
a short period of time, surgical correction of the 
problem has been a relatively recent innovation. 
Including Cases 1 and 3 in this report, fifteen 
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patients have had successful ligation of the fistu- 
lous vessels. One surgical death occurred in a 
child who had a concomitant ligation of a patent 
ductus arteriosus and was assumed to have died 
as a result of pulmonary hypertension.* Five 
other operations were limited to exploration 
without attempted ligation. The fear of myo- 
cardial ischemic changes with ligation of the 
shunt-bearing vessels as postulated by Davison 
et al.” has not proved to be a problem with the 
exception of the case described by Michel and 
Herbst.2® Our own experience emphasizes the 
value of careful oximetry following ligation of 
all apparent communications with the right 
heart chambers, as multiple shunts may be 
present. 


SUMMARY 


Three verified cases of congenital coronary 
arteriovenous fistula have been described, bring- 
ing the total reported cases to forty-six. The 
combination of a machinery murmur in an 
unusual location, catheterization evidence of a 
left to right shunt, and opacification of a dilated 
coronary artery by angiography confirms the 
clinical diagnosis. 

Surgical correction has proved to be safe and 
effective. The number of surgical cures (includ- 
ing two cases reported herein) now totals fifteen 
cases with one death due to surgery. 
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The Treacherous Anomalous 


Coronary Artery” 


Howarp L. Gapsoys, M.D., RALPH SLONIM, M.D. and OBERT S. LITWAK, M.D., F.A.C.C. 


Miami, Florida 


ACH NEW surgical technic creates its own 
E peculiar group of complications forcing the 
recognition of details previously of importance 
only to the basic investigator. The following 
example is added to the growing list of hazards 
attendant upon incising the right ventricle 
during the course of open heart surgery. The 
patient, a 39 year old woman severely disabled 
by a tetralogy of Fallot, had an apparently satis- 
factory complete correction of the pulmonic 
stenosis and interventricular septal defect. An 
anomalous coronary artery coursing across the 
anterior surface of the right ventricle was trans- 
sected to permit completion of the infundibular 
resection. The cause of the patient’s postopera- 
tive deterioration and death was tragically con- 
firmed during postmortem dissection of the 
coronary arterial tree. The anterior descending 
branch of the left coronary artery was diminu- 
tive and ineffectual. The major blood supply 
to the apical portion of the heart and to the 
lower half of the interventricular septum had 
emanated from the divided aberrant coronary 
artery (Fig. 1). 


CasE REPORT 


This 39 year old white woman was admitted to the 
Jackson Memorial Hospital in February 1960 be- 
cause of progressively increasing disability. A 
diagnosis of congenital heart disease had been made 
at birth. As a child, she suffered from dyspnea on 
exertion which forced her to leave school in the fifth 
grade. Her education was eventually completed in a 
special school for handicapped children. She re- 
called having squatted during her earlier years. 
The patient was able to do sedentary work from 1942 
to 1952 although chronically troubled by easy fa- 
tiguability and shortness of breath. Her fatigue, 
exhaustion and cyanosis increased. In 1957 she was 
digitalized and phlebotomies were performed be- 
cause of hemoconcentration. Angiocardiograms 


taken in February 1959 revealed infundibular pul- 
monic stenosis compatible with the clinical impression 
of tetralogy of Fallot. A right subclavian artery-— 
pulmonary artery anastomosis was done in April 
1959 with ephemeral improvement terminated 
probably by closure of the shunt. Symptoms re- 
curred, characterized by pain in the chest, fatigue 
limiting her ability even to bathe, and exertional 
dyspnea for which she used oxygen at home. 
Another angiocardiogram obtained on July 10, 
1959, visualized the presence of pulmonic stenosis, 
ventricular septal defect and dextroposition of the 
aorta. Her ensuing clinical course was characterized 
by increasing disability. 

Physical Examination: The patient was a well de- 
veloped, moderately nourished, cyanotic white 
woman weighing approximately 100 pounds. The 
blood pressure was 140/90 mm. Hg in the left arm 
and was not obtainable in the right. The pulse rate 
was 90 per minute. There was cyanosis and suffu- 
sion of the conjunctivae and lips. There was a well 
healed right anterior thoracotomy scar. The lungs 
were clear to percussion and auscultation. A grade 2 
blowing systolic murmur was audible in the left 
second and third intercostal spaces. No other mur- 
murs or thrills were detectable. Clubbing and cya- 
nosis of the fingers and toes were evident. 

Laboratory Studies: Urinalysis and hemogram were 
within normal limits except for polycythemia. 
Roentgenograms revealed diminished pulmonary 
vascularity. The heart was unusually small and 
chamber dominance was not discernible. The 
aortic arch and descending aorta were on the left and 
there was, in addition, an anomalous right subclavian 
artery which traversed retroesophageally. There 
was electrocardiographic evidence of right atrial and 
right ventricular hypertrophy. 

Operative Findings and Procedure: Surgery was per- 
formed on February 24, 1960, through a median 
sternotomy. Inspection of the heart disclosed 
moderate right ventricular enlargement. An in- 
fundibular waist was noted approximately 1 cm. 
below the pulmonary valve annulus. A systolic 


* From the Departments of Surgery and Medicine, University of Miami School of Medicine and Jackson Memoria! 


Hospital, Miami, Florida. 
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Fic. 1. Arrow indicates anomalous coronary artery aris- 
ing from right aortic sinus with major branches traversing 
the ventriculotomy. 


thrill was palpable over the proximal portion of a 
moderate-sized pulmonary artery. An anomalous 
coronary artery and its branches crossed the outflow 
tract of the right ventricle. The interventricular 
sulcus had a grossly normal fat pad within which there 
was the suggestion of an anterior descending branch 
of the left coronary artery. Palpation in the area of 
the previous subclavian—pulmonary artery anastomo- 
sis demonstrated no evidence of a thrill. No patent 
ductus arteriosus was identifiable. 

Utilizing ‘extracorporeal circulation, a_ vertical 
incision was made in the right ventricle above the 
main branch of the anomalous right coronary artery. 
Because: of inadequate exposure, an additional 2.5 
cm. incision was made inferior to the anomalous 
vessels. Neither incision, however, provided ade- 
quate visualization of the interventricular septal de- 
fect and infundibulum. Accordingly, it was deemed 
necessary to transsect the aberrant coronary arteries. 
Following ligation and division of the major vessel 
which had a diameter of approximately 3 mm. there 
was a noticeable decrease in the cardiac rate. Repair 
of the ventricular septal defect, resection of the in- 
fundibular ridge and pulmonary valvuloplasty were 
then accomplished without incident, and a good 
anatomic result was obtained. The cardiotomy in- 
cision was sutured. Attempts were then made to 
wean the patient from the extracorporeal circuit, but 
this was complicated by associated hypotension and 
complete heart biock with a ventricular rate of ap- 
proximately 40 beats per minute. Isoproterenol and 
ouabain succeeded in increasing the rate and strength 
of ventricular contraction. An intracardiac pace- 
maker electrode was inserted to maintain the cardiac 
rate. The closure of the chest was then completed. 

The patient’s immediate postoperative course was 
satisfactory. She fully awakened and her blood 
pressure stabilized at 100/60 mm. Hg. Her nailbeds 
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were now pink. Considerable concern was expressed 
over the complete heart block and especially the 
importance of the divided anomalous right coronary 
artery. Approximately 5 hours after completion of 
the perfusion, severe hypotension which was re- 
fractory to vasopressor drugs suddenly developed. 
The patient gradually lapsed into unconsciousness 
despite all resuscitative attempts and died at 4:20 the 
following morning. 

Postmortem Findings: Autopsy examination was re- 
stricted to the heart and lungs. Dissection of the 
aortic arch disclosed the previously detected anom- 
alous right subclavian artery which arose as the last 
major vessel. ‘The artery passed behind the esoph- 
agus and was surgically anastomosed to the right 
pulmonary artery. The lumen was obliterated at 
the anastomotic site. 

The heart weighed 250 gm. A 5 cm. right ven- 
triculotomy incision had been sutured. The inter- 
ventricular septal defect had been completely closed 
by the operative procedure and there had been ex- 
tensive resection of the infundibular myocardium. 
The left coronary artery arose from the left anterior 
sinus. This 4 mm. vessel bifurcated into a normal 
circumflex branch and two short anterior descending 
branches which extended approximately one-third of 
the way down the interventricular sulcus. The 
anterior descending vessels abruptly terminated at 
this level. Two coronary arteries emanated from the 
right anterior sinus. The normal right coronary 
artery, measuring approximately 3 mm. in maximum 
diameter, followed the atrioventricular groove in the 
usual fashion, terminating in a posterior descending 
branch. Atrial, anterior and marginal ramifications 
arose in the usual distribution. The anomalous 
vessel originated separately and passed anterior to the 
pulmonary artery before descending toward the apex 
of the right ventricle. ‘Two tributaries, one of large 
caliber (2.5 mm.) and the other diminuitive, could 
be traced from the third coronary artery into the 
midpoint of the ventriculotomy where they had been 
ligated. The distal end of the major branch supplied 
the lower half of the interventricular septum and the 
anterior aspect of the cardiac apex. Radiopaque 
dye was injected selectively into each of the three 
coronary artery ostia and roentgenograms were taken 
of the heart (Fig. 2). 

Microscopic examination of the heart was non- 
contributory. 

The lungs weighed 400 and 420 gm. There was 
moderate pulmonary congestion. Study of the 
microscopic sections revealed engorgement of the 
smaller vessels, No other significant abnormalities 
were observed. 


COMMENTS 


Anatomic Considerations and Incidence: Hyrtl,' 
the distinguished Viennese anatomist, outlined a 
classification of anomalous single coronary 
arteries in 1883. The ensuing years have 
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Fic. 2. Postmortem coronary arteriograms. Dye injected through coronary ostia. A, anomalous coronary artery; 


B, right coronary artery. 


brought forth a number of publications relating 
to abnormal coronary arteries arising from the 
aorta. These aberrations are not rare. Schles- 
inger’ called attention to the frequent occurrence 
of an accessory coionary artery arising from a 
separate ostium behind the right aortic valve 
cusp and sending branches to the conus ar- 
teriosus. This “‘conus artery’? was demonstrable 
in 50 per cent of the 651 hearts analyzed. 
Alexander and Griffith’ reviewed 18,950 au- 
topsies, finding fifty-four instances of other 
coronary arterial deviations—an incidence of 
2.85 per thousand. Thirty-nine of these cases 


Dye still visible in anomalous coronary artery. C, left coronary artery. 


represented abnormalities of the coronary ostia 
and a high correlation with other defects was 
noted; fifteen presented alterations of vascular 
distribution unassociated with any increased 
incidence of other cardiac malformations. 
Postmortem examination by Kintner* of the 
heart of a patient who died of pneumonia and 
renal insufficiency demonstrated anomalous 
origin of the left coronary artery from the root 
of the right artery. The left tributary passed 
through the interventricular septum before ap- 
pearing externally. Similar transseptal dis- 
tribution of the left coronary artery was ob- 
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served by Sanes® in the heart of a 3 year old 
child. Pathologic myocardial changes were 
also noted. King® suggested cataloging grossly 
significant coronary arterial anomalies into 
three groups, depending on their points of 
origin: (1) those having a common arterial 
trunk, (2) those originating from the pulmonary 
artery, and (3) those emanating from the aorta 
at variable distances above the cusps. His 
case report added to the literature the descrip- 
tion of the heart of a patient who died of pneu- 
monia in which the left ventricle was supplied by 
enlarged anastomotic vessels passing in front of 
the pulmonary conus. As previously noted, 
this anastomotic communication is not un- 
common in more diminuitive form (Vieussens 
ring, conus artery).2:7"> An example of true 
single coronary artery as defined by Hyrtl’s 
criteria was reported by Geever and Ravin.°® 
The patient had succumbed from carcinoma of 
the sigmoid colon., Dissection of the heart re- 
vealed a single coronary orifice in the left 
anterior sinus. The distribution of the right 
coronary artery was assumed by the circumflex 
branch of the left coronary artery. A compre- 
hensive review of single coronary arteries was 
compiled by Smith!® who collected forty-five 
case reports starting with a description by 
Thebesius in 1716. The author postulated two 
developmental factors responsible for this anom- 
aly: (1) congenital absence of one coronary 
artery anlage, and (2) misplacement of one 
coronary ‘anlage and fusion with the other. 
Further instances of anomalous coronary arteries 
originating from the aorta were added to the 
literature by Stapley," Snow” and Longe- 
necker."? 

Significantly, with the exception of those 
coronary arteries arising from the pulmonary 
artery,'*!5 practically all of the anomalous 
arterial distributions were but incidental findings 
unearthed during autopsies of persons who died 
from unrelated causes. The capacity of the 
coronary arterial network to accommodate 
the myocardial blood requirements has been 
repeatedly demonstrated. The past decade, 
however, has witnessed increasing surgical in- 
trusion on the inviolability of the heart, and 
structures that were once but anatomic curiosi- 
ties have now been catapulted out of obscurity. 
Edwards," in an editorial analyzing the signifi- 
cance of coronary arteries emanating from the 
pulmonary trunk, alluded to other anomalies in 
which surgical difficulty might be encountered. 
Death followed the division of anomalous coro- 
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nary arteries in two patients undergoing open 
intracardiac repair of tetralogy of Fallot by 
Kirklin.1® Anomalous vessels were preserved 
in two additional patients. Senning’’ reported 
his experiences with direct repair of twenty-seven 
cases of tetralogy of Fallot. An anomalous 
coronary artery crossed the right ventricular 
outflow tract in five patients, forcing him to 
modify the: ventriculotomy incision. In one, 
the left coronary artery originated from the 
right coronary artery and passed within the 
myocardium across the infundibular crest. 
Incision of the right ventricle resulted in com- 
plete transsection of this vessel and the death of 
the patient. The increasing significance of 
anomalous coronary arteries has been further 
exemplified in discussions by Bahnson and Kirk- 
lin'® of the latter’s experience with open opera- 
tion for tetralogy of Fallot. Ventricular fibrilla- 
tion developed after apparently successful surgi- 
cal correction of the intracardiac defects in 
three of Bahnson’s patients in whom aberrant 
coronary arteries were divided during right 
ventriculotomy. Kirklin reinforced the im- 
portance of recognizing these anomalies, sug- 
gesting a shunt procedure rather than open 
cardiotomy when this situation pertains. A 
report of similar difficulties has been presented 
by Friedman.'® Division of an ancmalous 
single coronary artery during ventriculotomy 
led to the death of his patient. 

Surgical Considerations: From a surgical stand- 
point, the recognition and evaluation of ab- 
normal coronary arteries traversing the opera- 
tive site present complex problems. Abnor- 
malities of the pulmonary conus segment (in- 
fundibular stenosis) are frequently identifiable 
by a bizarre pattern of coronary vessels crossing 
the anterior surface of the outflow tract. 
Usually these vascular ramifications are but in- 
significant conus tributaries which can be 
transsected without detectable harmful effects. 
That this is not always the case is illustrated. 
The preoperative delineation of the arterial 
circulation of the heart may help to avert such 
catastrophes. Subsequent review of the pre- 
operative angiocardiogram of our patient* 
disclosed a coronary arterial anomaly, although 
its true nature could not be assessed. We there- 
fore now routinely perform angiocardiography 
on all surgical candidates for open correction 
of tetralogy of Fallot and to analyze each 
angiocardiogram for suggestive evidence of 


* By Drs. Augustin Castellanos and Frank Hernandez, 
National Children’s Cardiac Hospital, Miami, Florida, 
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coronary vascular abnormality. Selective cor- 
onary arteriography will then be employed in 
suspected cases to attempt to define the signifi- 
cance of the aberrant vessel. 

When the diagnosis can be established pre- 
operatively, an anastomotic operation should 
probably be the procedure of choice, antici- 
pating the day when total correction will be 
possible even in the presence of these anomalies. 
For those patients in whom the coronary arterial 
anomaly is not discovered until the time of 
surgery, the possible utilization of direct cor- 
onary arteriography on the operating table is 
being explored in the hope of being able to 
differentiate a vital anomalous coronary artery 
from an insignificant conus artery which can be 
transsected without detriment to the patient. 
The operative procedure may then be modified 
if necessary, either by approaching the ventricu- 
lar pathology through the right atrium and 
main pulmonary artery, by substituting an 
anastomotic procedure, or by restricting the 
corrective surgery to that which can be done 
through a limited ventriculotomy. 


SUMMARY 


Coronary arterial anomalies of the right 
ventricular outflow tract occur frequently. 
Assessment of the functional significance of 
these vessels at the time of surgery is difficult. 

A case is presented in which the anomalous 
vessel constituted the major blood supply to the 
apex of the heart and lower half of the inter- 
ventricular septum. ‘Transsection of the vessel 
during ventriculotomy for correction of tetralogy 
of Fallot resulted in the patient’s death. 

A proposed method for managing future cases 
is outlined. Angiocardiography is employed 


routinely in all operative candidates for open . 


correction of tetralogy of Fallot. Selective 
coronary arteriography will be utilized when 
indicated to further establish the distribution of 
any aberrant vessel. 
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Reciprocal Rhythm Exhibiting Blocked 
Reciprocal Beats, Retrograde Block with 
Reverse Wenckebach Periods and 
A-V Dissociation’ 


Capt. RICHARD M. MEYERS, MC, USAR 


Fort Jackson, South Carolina 


ECIPROCAL rhythm is a rare electrocardio- 
R graphic phenomenon, first observed in 
human beings by White! in 1915. Since then 
the number of reported cases has approached 
forty, with the contributions of Decherd and 
Ruskin,? Pick and Langendorf,’? and 
others.5—4 

Reciprocating rhythm was experimentally 
produced by Mines," in 1913, by applying elec- 
trical stimuli to the hearts of frogs and rayfish. 
Impulses were noted to travel.from atrium to 
ventricle and then to return from ventricle 
to atrium. Scherf and Shookhoff'* reproduced 
this rhythm in mammals, noting that ventric- 
ular extrasystoles which were conducted back- 
ward to the atrium occasionally returned again 
to the ventricle. This was termed a “return 
extrasystole.” 

In 1953 the clinical reports were reviewed 
by Scherf and Schott!” who offered other pos- 
sible interpretations of some of the alleged 
reciprocating and reciprocal rhythms. In a 
review of one hundred thousand tracings, Katz 
and Pick'* found forty examples of this unusual 
arrhythmia. The case presented herein demon- 
strates varying types of conduction disturbances 
associated with reciprocal rhythm. 


Case REPORT 
A 20 year old white man entered the hospital on 
‘August 15, 1960, complaining of pain in the left hip 
which began a few days prior to admission while 


running. Subsequently, the patient became febrile, 
nauseated and vomited on several occasions. 

In 1956 the patient had had the first episode of 
similar symptoms which was diagnosed as rheumatic 
fever by his private osteopathic physician. Between 
that time and March 1960 he had numerous inter- 
mittent attacks of fever and migratory pain in the 
joints and was treated sporadically with salicylates 
and weekly injections of unknown variety. On 
March 29, 1960, the patient was admitted to an 
osteopathic hospital in Florida, where the diagnosis 
of acute rheumatic fever was made with the aid of 
the following laboratory data: antistreptolysin-O 
titre 125 Todd units; sedimentation rate 71 mm. 
per hour; C-reactive protein 3 plus; latex floccula- 
tion negative. The patient was treated with ACTH, 
triamcinolone and acetylsalicylic acid. Facial and 
peripheral edema was treated with hydrochlorothia- 
zide. On May 14, 1960, the ASO titre was 20 units 
and the sedimentation rate was 2 mm. per hour. 
The patient was asymptomatic and all medications 
were discontinued. No antibiotic prophylaxis was 
begun. Electrocardiograms were not obtained dur- 
ing the illness. The patient was inducted into the 
Army on June 30, 1960, and began basic training 
shortly thereafter. Family history revealed that one 
brother had rheumatic heart disease. 

Physical Examination: Temperature was 98.6°Fr. 
Blood pressure was 104/70 mm. Hg; pulse was 92 
and irregular. The patient was a young white man 
in no acute distress. His height was 5 feet, 11 inches; 
weight, 119 pounds. The heart was not enlarged to 
percussion. The point of maximum impulse was 
palpable in the fifth intercostal space in the midcla- 
vicular line. There were no parasternal or left apical 


* From the Medical Service, U. S. Army Hospital, Fort Jackson, South Carolina. 


DECEMBER 1961 


| 
gli 
4 
$ 
“thd i 
ey 
ae 
| 
Nive 
M 
| 
859 
ties 


860 Meyers 


8 
12 13 14 15 16 17 
VENTRICLE | | | | J 
18 22 23 raj 25 26 
C Bes SS SE SSS 5 : 
ATRIUM | 


Fic. 1. The three electrocardiographic strips are continuous records of lead taken on August 16, 1960. 


heaving pulsations, no substernal dullness to percus- 
sion and no palpable thrills. Auscultation revealed 
regular sinus rhythm with runs of an irregular tachy- 
cardia. No murmurs or rubs were audible, either at 
rest, after exercise or in the lateral decubitus position. 
P, was louder than Az. My, was accentuated. The 
left hip was tender to palpation and painful with pas- 
sive movement. There were no rashes or subcutaneous 
nodules. The liver and spleen were not palpable. 
Lungs were clear to percussion and auscultation. 
The remainder of the physical examination was 
within normal limits. 

Laboratory and X-ray Data: Hemoglobin was 12 gm. 
per cent; hematocrit, 44 per cent; white blood cell 


count 6,300 with 58 per cent neutrophils, 41 per cent | 


lymphocytes, 1 per cent monocytes; corrected sedi- 
mentation rate was 15 mm. per hour. Urinalysis 
was within normal limits. Serology was negative. 
Blood urea nitrogen was 14 mg. per cent, fasting 
blood sugar, 96 mg. per cent, and ASO titre, 50 
units. Roentgenogram of the chest was within 
normal limits. The electrocardiogram on August 16, 
1960 showed the rhythm disturbance illustrated in 
Figure 1. 

Course: On admission the patient was placed on 
complete bed rest and procaine penicillin, 600,000 
units daily, and acetylsalicylic acid, 0.6 to 1.0 gm. 
were administered every 4 hours. He was afebrile on 
admission and remained so. The pain in the left hip 
subsided by the fifth day. The electrocardiogram 
was repeated and was unchanged from that seen in 
Figure 1. Subsequently the patient was separated 
from the service, and maintained on salicylates and 


monthly injections of benzathine penicillin, 1.2 mil- 
lion units. 


INTERPRETATION OF ELECTROCARDIOGRAM 


The basic rhythm was a sinus arrhythmia 
(strip B, complexes 9, 11, 13, 15, 17) with a 
center of increased excitability in the lower A-V 
node. This center frequently discharged when 
the sinus node slowed, and activated the 
ventricles. It also transmitted its excitation in 
a retrograde fashion to the atria (strip B, 
complexes 10, 12, 14, 16). In alternate beats 
there was a functional dissociation of the 
atria and ventricles (complexes 9, 11, 13, 15, 
17) when the sinus node activated the atria 
and the nodal center discharged concurrently 
or rapidly thereafter. This disturbed conduc- 
tion often resulted in unequal recovery of the 
conduction fibers!® and those which have re- 
covered conduct the stimulus backward and 
cause atrial excitation (strip A, Pi.22,4, etc.). 
Meanwhile, other A-V fibers recovered and 
conducted the atrial excitation down to the 
ventricles resulting in a reciprocal beat (com- 
plex R’). Frequently, two of these nodal beats 
followed each other (strip A, complexes 3, 4 
and 5, 6) with the R-P interval increasing in the 
second beat (reverse Wenckebach period" 
due to retrograde block**). The reciprocal 
beat is blocked in strip A after complexes 2 and 
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7 and in strip C after complex 22. The R-R 
interval which included the blocked beat 
exactly equaled the R-R interval which in- 
cluded a reciprocal beat (strip A, Ri-Re and 
R,-R;). This demonstrates concealed con- 
duction*”°! of the re-entry stimulus which 
discharged the A-V node with a subsequent 
delay in the production of another impulse in 
the A-V nodal center. It is also possible that 
the interval between complexes 10-11, 12-13, 
14-15, 16-17 in strip 2 are due to blocked 
reciprocal beats, since this R-R interval is the 
same as the R-R between complexes 2-3 and 
7-8 (strip A). This cannot be conclusively 
proved, however, because this part of the tracing 
had a sinus arrhythmia (strip B) and did not 
show conducted reciprocal beats in its presence. 

Occasionally the sinus excitation occurs at 
the same time that the nodal center stimulus 
reached the atria and an atrial fusion beat re- 
sulted. These followed the QRS as a small, 
inverted or diphasic, nearly isoelectric P (strips 
B and C, complexes 12F, 23F, 25F). The 
F-F interval of strip C closely approximated 
the Po-P11-P13-P15-Pi; intervals of strip B. 
This is compatible with the sinus arrhythmia. 
Similar atrial fusion beats associated with the 
reciprocal rhythm were demonstrated by Kis- 
tin.”! 


COMMENTS 


This tracing exhibited the’ more common 
association of reciprocal rhythm with A-V 
nodal rhythm rather than with sinus rhythm. 
The latter, however, has also been reported.§— 
This record also displayed the interesting 
association with retrograde heart block. Drury’s 
case exhibited the same phenomenon. P 
waves were noted to occur progressively later 
in relation to the ventricular complexes as 
a result of retrograde block. With further 
lengthening of the R-P interval the reciprocal 
beats appeared. Similar cases were reported 
by Blumgart and Gargill® and Bix.‘ The 
term ‘reverse Wenckebach period” has been 
used here, apropos of its description by Berman.” 
The blocked reciprocal beats herein demon- 
strated were reported by Castellanos" in a 
similar case of reciprocal rhythm occurring in 
the presence of a paroxysmal nodal tachycardia. 
Prior to that, in a most thorough analysis of 
the problem, Pick and Langendorf* demon- 
strated reciprocal beating with blocked re- 
entry of the cardiac impulse. 
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SUMMARY 


A case of reciprocal rhythm with blocked 
reciprocal beats, retrograde block with re- 
verse Wenckebach periods and runs of A-V 
dissociation due to rheumatic activity is pre- 
sented. An analysis of the disturbed conduc- 
tion phenomena is made with references to 
other similar reports in the literature. 
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Seminar on the Role of Salt in 
Cardiovascular Hypertension (Part III) 


_Interrelationships Between Water and 
Electrolyte Metabolism in Rats” 


Epwarp P. JR., M.D. 


Boston, Massachusetts 


O GENERAL points of view cencerning 
l electrolyte metabolism are represented in 
this seminar. The first is concerned with elec- 
trolyte metabolism at the cellular level; in 
hypertensive vascular disease disturbances may 
be particularly related to special cells such as the 
vascular smooth muscle. The other point of 
view considers electrolyte balance of the whole 
organism, with particular reference to control 
systems brought into play or altered by diet, 
renal disease or other conditions. This presen- 
tation deals ‘with the latter point of view. It 
seems likely that the mechanisms controlling 
electrolyte balance within the whole organism 
may directly affect cellular electrolyte balance; 
at the very least the concentration of the ex- 
tracellular milieu with which all cells must deal 
will depend on these mechanisms. Because 
these control mechanisms very likely depend on 
tissue concentrations or their changes, metabolism 
of water in relation to metabolism of electrolytes 
becomes of importance. Evidence suggesting 
an intimate dependence of water metabolism on 
electrolyte turnover will be one of the main top- 
ics of this paper. 


REGULATION OF WATER METABOLISM 


My own interest in the regulation of water 
turnover comes from the observation made 
inany years ago by Landis and co-workers':? 
that hypertensive rats show a polydipsia com- 
pared with control rats; when presented with a 
choice of distilled water and various hypertonic 
concentrations of salt solutions, moreover, they 
drink significantly less of the salt solutions. 


These observations naturally lead to the 
question: What are the factors which normally 
determine water intake? 

In the following discussion, main emphasis 
will be placed on the relationship of the volume 
of water drunk and urine excreted to electrolyte 
metabolism. Other avenues of water intake 
and output include water intake with food, both 
metabolic and preformed, water output via the 
feces and insensible water loss. Fecal water 
depends on the dry fecal residue*:* while in- 
sensible loss depends on caloric turnover; both 
caloric intake and fecal residue depend on food 
intake. Thus, for a given food composition, at 
a constant food intake, the intake and output of 
water by the three routes just cited should re- 
main constant. In general this condition of 
constant food intake holds for the studies to be 
discussed. 

Upon experimental investigation of the 
regulation of water intake, it became apparent 
that for animals such as rats, subsisting on a 
comparatively dry diet, water intake is closely 
regulated to provide nearly the minimum water 
intake necessary to cover excretory losses.* 
We have confirmed this observation for human 
subjects and for dogs given normal diets. Be- 
fore proceeding to some of the evidence for and 
consequences of this observation, it is worth 
pointing out the significance of excretion of a 
minimum urine volume to the water economy of 
rat and man. On a usual diet the osmolar 
clearance of the kidneys (volume of isotonic 
urine which would be excreted without action 
of the concentrating process) amounts to ap- 


* From the Department of Physiology, Harvard School of Public Health, Boston, Massachusetts. 


DECEMBER 1961 


hak 
3 
aM 
ite 
fi 
aah 
863 


864 


——— 250 mU PITRESSIN TANNATE 

IM 0.05 mi OIL, im. 
3000 
——— CONTROL- 0.05 mi PEANUT Olt, im 

mOs/L. 
2800/ 

URINE 

CONCENTRATION 
2000+ 


-2 2 4 6 


TIME in DAYS 


Fic. 1. Effects of pitressin tannate in peanut oil intra- 
muscularly (closed symbols) on urine concentration and 
volume and water intake. Control group given peanut 
oil only (open symbols). Each point represents mean 
values for five male and five female adult rats. (Re- 
produced by permission of the Editor, American Journal 
of Physiology.) 

proximately 100 ml. per day for adult rats and 3 
L. per day for adult human subjects. By 
excreting a mean urine concentration close to 
the maximum possible for these two species, a 
saving of 85 ml. of water per day is possible for 
rat, and approximately 2 L. for man. These 
represent significant water savings. Although 
sources of water are probably more readily ob- 
tainable by man than by rats in the wild state, it 
is apparent that this adaptive mechanism frees 
both species from a perhaps burdensome water 
requirement. 

Increased Antidiuresis and Water Turnover: If 
water turnover is indeed at a minimum as 
postulated, production of an increased degree 
of antidiuresis should have little or no effect on 
water turnover, provided that solute excretion 
remained essentially constant. ‘The best way to 
accomplish these conditions experimentally is 
by giving a moderately large dose of pitressin 
tannate in oil intramuscularly. Figure 1 shows 
such an experiment in two groups of ten rats. 
The dose of pitressin was approximately 250 
milliunits per rat, which corresponds to a dose 
of about three times the daily output of endog- 
enous antidiuretic hormone (ADH) estimated 
for dehydrated rats.’ While the urine con- 
centration did rise from approximately 2,100 
mOs. per L. to 2,600 in the group given 
pitressin, this was still a relatively small per- 
centage change and indicates that the kidneys 
were already nearly maximally driven by endog- 
enous ADH during the control period. (De- 
hydrated rats of this strain excrete a urine of 
about 2,600 to 2,700 mOsm. per L. also.) 
Urine volume decreased slightly following in- 
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Fic. 2. Effects of increasing solute turnover on urine 
vclume. Isotonic line represents the osmolar clearance: 
the volume required if the urine were isotonic to plasma. 
Each point represents the mean value for five male rats. 
Curved line is a theoretical line relating volume to load 
for a simple osmotic diuresis under maximum anti- 
diuresis. The anomalous effect of urea is discussed 
briefly in the text. 

jection of pitressin in keeping with the concen- 
tration change and the fact that solute excretion 
rate remained essentially constant. An un- 
expected observation was that water intake also 
decreased following pitressin more than would 
be expected from the decrease in urine volume. 
I shall return to this last point again. 

Dietary Solute Load and Urinary Volume: One 
way in which the normal pattern of intake and 
output could be altered would be by addition of 
solutes to the diet. Under these conditions the 
animals would be driven by their caloric needs 
to ingest more solutes than usual and thus 
change water requirements. The results of 
such an experiment are shown in Figure 2, 
wherein urine volume is plotted against the 
total osmotic load per day. Each point repre- 
sents the average values for groups of five male 
rats: in the case of high sodium and urea diets 
the points were obtained on the last day of six 
consecutive days during which the animals were 
offered the diets. The control points,. when 
chow alone was offered, represent the values 
obtained before and after the high sodium and 
urea diets were given. Urine volume increased 
for the high salt diet, but because the increase 
in urine volume was proportionally greater than 
the solute load, urine concentration decreased. 
The curved line drawn in Figure 2 is a theoreti- 
cal line derived to account for the change of 
urine volume with solute load in accordance with 
present views of the renal concentrating mecha- 
nism. ‘This theory will not be discussed here, 
but an important point to note in connection 
with Figure 2 is that the curve is derived on the 
assumption that the maximum antidiuretic 
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Fic. 3. Total intake of fluid (closed circles) and food 
(open circles) for a male and female rat. On day 21 both 
animals were given a choice of two fluids to drink, one 
distilled water and the other 0.3 M. NaCl. 


state exists at the various loads. With NaCl 
added to the food, the urine volume excreted by 
the animals followed closely the predicted 
value. In the case of urea-loading, however, 
urine volume was significantly below what 
would be expected for an equivalent sodium 
chloride load. This observation is in accord 
with the well-known fact*:*:7 that modification 
of urea excretion rate leads to a modification of 
the maximum urine concentration obtainable at 
any given solute load. This effect of urea ex- 
cretion on the renal concentrating mechanism 
is an interesting aspect of these studies which un- 
fortunately is beyond the scope of this report. 

It was observed in these experiments that 
water turnover followed excretory requirements 
with essentially no time lag. Electrolyte and 
nitrogen balance studies were carried out on the 
sixth day after the high urea and NaCl diets 
were offered. The rats given urea were es- 
sentially in nitrogen balance, but the sodium 
loaded animals showed, in general, significant 
imbalance of sodium. The extreme range 
represented an imbalance of about +5 mEq. of 
sodium, which corresponds to an imbalance of 
+30 ml. of extracellular fluid. There was no 
indication of retention or loss of this volume of 
water, either from the simultaneous water 
balances or from body weight fluctuations. 
This preliminary observation indicates that 
sodium retention or loss from normal animals 
does not necessarily obligate retention or loss of 
equivalent volumes of water, even when the 
transient retention or loss occurs over a time 
period as short as one day. It is of interest 
that simultaneous potassium measurements 
showed no correlation, either direct or inverse, 
between potassium and sodium imbalance; all 
of the salt-loaded rats were in slight negative 
potassium balance. 
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Fic. 4. Intake of distilled water plotted against intake 
of 0.3 M. NaCl for the male rat shown in Figure 3. The 
open circle represents the mean intake of water during 
the control period. The curved line is a theoretical one 
derived on the assumption that food intake and extra- 
renal water loss remained constant, and urine volume 
depended on urine solutes according to a line shown in 
Figure 2. It is drawn through the control point. 


Reiationship of Water Intake to Intake of Food and 
Salt Solutions: Because water turnover is main- 
tained at a minimum by the rats, with no time 
lag observable within 24-hour periods, urine 
output should be related to food intake for a 
constant food composition. This relationship is 
illustrated in Figure 3 wherein food and fluid 
intakes are plotted for a single male and female 
rat. During the control period (up to the 
twenty-first day) water intake and food intake 
showed a very close correlation, particularly for 
the female rat whose food intake fluctuated 
somewhat more than for the male. On the 
twenty first day, both rats were offered two 
drinking bottles, one containing 0.3 M. sodium 
chloride solution and the other containing dis- 
tilled water. The positions of the bottles were 
varied from day to day to obviate “position 
drinking” effects. Under these conditions total 
fluid intake no longer followed the food intake 
closely, indicating that the animals did not 
simply meter fluid intake in relation to food. 
Precise regulation of water intake nevertheless 
continued to exist as is shown in Figure 4, 
wherein the data for the male rat shown in 
Figure 3 have been replotted. The ordinate 
represents the intake of distilled water and the 
abscissa intake of 0.3 M. NaCl during the period 
the choice was offered. The curved line was 
drawn through the control point (open circle on 
the ordinate), and is based on the assumption 
that food intake and insensible water loss and 
fecal water loss remained constant, and urine 
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Fic. 5. Relationship of intake of distilled water to intake 
of NaCl solution during an experiment when twenty-four 
rats were offered a choice of distilled water and either 
0.1 M. NaCl (open circles) or 0.25 M. NaCl (closed 
circles). Each point represents the average of 2 days’ in- 
take obtained on a single rat. The two theoretical lines 
are based on the same assumptions as for the line shown 
in Figure 4. 
volume versus solute load followed the theoreti- 
cal equation mentioned earlier. The fact that 
the observed points followed the theory indicates 
that intake of distilled water was very closely 
controlled in accordance with the minimum 
necessary to excrete the additional solute load 
arising from the salt solution ingested. It is 
apparent from Figure 4 that the requirements of 
distilled water for this animal did not change 
greatly as intake of salt solution increased. 
This fact may be related to the observation 
that 0.3 M. NaCl solution is close to the maxi- 
mum concentration, in choice experiments such 
as this, at which the animals ingest significant 
quantities of the salt solution. At higher 
concentrations various sensory receptors may 
in some way make it apparent to the rats that 
the point has been reached at which little or no 
free water is available from the salt solution. 
Figure 5 shows the same sort of graph for a 
group of twelve male rats offered lower con- 
centrations of salt solutions as a choice with 
distilled water. Each point represents the 
average of the last 2 days that the animals were 
offered the choice. Again the observed points 
follow the theoretical lines based on the as- 
sumption that maximum antidiuresis was main- 
tained voluntarily, and that food intake was 
constant. The scatter of the points reflects at 
least in part the variation of food intake among 
the different animals. It can be seen from this 
experiment that 0.1 M. NaCl solution offered as 
a choice is sufficiently dilute to be very closely 
equivalent to distilled water, and thus the 
theoretical line has nearly a 45° slope. 


These observations suggest that the polydipsia 
and salt aversion exhibited by hypertensive rats 
in this kind of choice experiment':? may be a 
reflection of their defect in renal-concentrating 
ability. Even with normal loads, solute ex- 
cretion can be achieved only by a higher urine 
volume than normal (hence the polydipsia), and 
the salt aversion of hypertensive animals may 
represent an osmotic aversion to hypertonic or 
even isotonic salt solutions. In contrast to 
normal (Fig. 5), these solutions may yield for 
the hypertensive rats little or no free water (i.e., 
result in little water saving) and thus are avoided 
in the same way that control rats avoid 0.4 to 
0.5 M. NaCl solutions. The results of Fregly® 
with sodium and potassium salts are consistent 
with an osmotic aversion by hypertensive rats, 
but he has shown other taste preferences by 
these rats which clearly are not osmotic in 
origin. 

Salt-Free Diet and Water Turnover: Thus far 
the rats have maintained minimum water 
turnover under all conditions cited. Modifica- 
tion of this normal antidiuresis has been brought 
about by feeding a salt-free diet. Figure 6 
shows results of this experiment. During the 
control period the animals were given Purina 
chow. Injection of pitressin during this con- 
trol period showed a sharp fall in water intake 
during the first 24 hours with relatively little 
change in urine volume for all three groups of 
rats (Fig. 6A, B, C), confirming the similar 
observation in Figure 1. When the synthetic 
diets were begun, there was an immediate fall 
in water intake for all three groups although 
urine volume was not significantly changed. 
For group A, whose synthetic diet contained 
essentially the same potassium and sodium con- 
centrations as Purina chow, this fall in water in- 
take reflected the fact that fecal water excretion 
decreased abruptly when the synthetic diet was 
begun. ‘This alteration of water intake with a 
change in fecal water requirements illustrates 
that water intake follows output with no lag 
observable within these time intervals. The 
rats in group C, given a synthetic diet essentially 
free of sodium, potassium, and chloride, showed 
water intake and output during the first 2 days 
similar to the other groups, and the pitressin 
effect at that time was essentially within normal 
limits. Following the first injection of pitressin, 
however, water intake rose and continued to ris« 
sharply throughout the period of study, except 
for subsequent days when pitressin was injected. 
On these occasions urine volume and water 


THE AMERICAN JOURNAL OF CARDIOLOGY 


* ‘ 
rane 
ict 
Wee, 
° 
“4 
& 
i} 
> 
by 
t 


Water and Electrolyte Interrelationships 867 


A B Cc 
HIGH- SALT MEDIUM- SALT SALT-FREE 
SYNTHETIC DIET cHow | SYNTHETIC DIET cHow! SYNTHETIC OIET 
404 404 404 7 
=x = x 
z z z 
304 4d 30 50, 
> > 
204 N 204 | 20; 
af a ! 
z 2 2 
a a 
€-4-2 02468 012 14 6€-4-202468 0 216 @4-202466 10 1214 


TIME IN DAYS 


Fic. 6. Water intake (triangles) and urine volume (squares) of rats given 
synthetic diets containing various levels of electrolytes. Arrows along abscissa 
indicate injection of 250 mU pitressin tannate in peanut oil. During control 
period each group of four male rats was given Purina laboratory chow. A, 
synthetic diet contained essentially the same sodium, potassium and chloride as 
Purina chow. B, synthetic diet contained about 40% of the sodium, potassium 
and chloride in Purina chow. C, synthetic diet contained only traces of sodium, 
potassium and chloride. (Reproduced by permission of the Editor, American 
Journal of Physiology.) 
intake both fell precipitously in contrast to is not necessarily complete and the receptors‘are 
group A. Thisresultisinterpretedtomeanthat not indicated. Central to this schema is 
the normal antidiuretic state was altered by the |= endogenous ADH, which is normally produced 
absence of potassium, sodium and chloride in ata rate sufficient to maintain excretion of water 


the diet, such that the animals now drank con- 
siderably more than the minimum water neces- 
sary to excrete their urinary solutes. The 
group of rats shown in Figure 6B, which had 
approximately 40 per cent of the sodium, 
potassium and chloride intake of group 
A, had an intermediate result between A and C. 
The fact that the change in water intake ap- 
peared to develop slowly with group C is con- 
sistent with the observation of Cizek et al.® in 
sodium-depleted dogs, who showed a similar 
slowly developing polydipsia when a low salt 
diet was fed. The observation of a relative 
polydipsia under these conditions suggests that 
the normal stimulus to ADH production may be 
related directly to strong electrolytes in the diet, 
or indirectly via depletion of body stores of 
sodium, potassium or both. ~ 


INTERRELATIONSHIPS OF WATER AND 
ELECTROLYTE METABOLISM, 


Figure 7 is a simple schema of the control of 
water and electrolytes in rats, which brings 
together some ideas concerning the interrelation- 
ships of these two control systems. The schema 
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by the kidneys close to the minimum. Ac- 
cording to the results just presented this pro- 
duction of ADH is related to food electrolyte 
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Fic. 7. Simple schema relating water and electrolyte 
metabolism. The pathways shown are not intended as 
complete descriptions of control of all elements, and 
the effects are not necessarily direct as shown. (Repro- 
duced by permission of the Editor, American Journal of 
Physiology.) 
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TABLE I 
Effects of Pitressin Tannate (250 mU) in Oil 
Intramuscularly 
Plasma Samples from Six Male Rats 
(taken 24 hours after injection) 
Effect 
Control Pitressin-Injected 
Plasma osmolal- 
ity (mOs./L.) | 305.9 +0.80* | 310.8 +1.50* 
Plasma urea 
(mM./L.) 8.10 +0.372¢ | 8.62 +0.131f 
Nonurea plasma 
osmolality 
(mOs./L.) 297.8 +0.82* | 302.2+1.48* 


Note: Values are mean + standard error. 

* Difference hetween control and pitressin-injected 
significant, P = 0.02. 

¢ Difference between control and pitressin-injected not 
significant, P > 0.2. 


content, although the effect may not act di- 
rectly. ADH is probably not identical with 
the hypothalamic ACTH releasing factor,!° 
but evidence exists that it may be concerned 
with ACTH release. One significance of the 
relationship of ACTH to ADH lies with the 
fact that, according to the schema, it may pro- 
vide a pathway relating the balance of electro- 
lyte intake and output although the two hor- 
mones could also have a common stimulus. 
In addition, it has been suggested" that ACTH 
may act directly on the kidney via the juxta- 
glomerular apparatus, a structure known to be 
altered morphologically in experimental hy- 
pertensive disease.’* Of interest also to this 
symposium is the possible role of endcgenous 


ADH as a vasoactive agent modifiable by die-’ 


tary electrolytes. Further work is needed to 
relate sodium intake to circulating vasopressin 
and to the factors concerned with ADH release. 

ADH and Water Intake: In Figure 7 an arrow 
is drawn indicating that ADH may control 
water intake. The basis of this hypothesis is 
the observation that after pitressin injection, 
water intake consistently decreased more than 
urine volume. ‘This observation suggested that 
pitressin might have a direct effect on the thirst 
mechanism in addition to its renal action. To 
test this hypothesis we injected pitressin in oil 
intramuscularly into a group of six male rats 
and obtained heart blood samples at 24 hours. 
Table 1 shows the results obtained in this ex- 
periment. Total plasma osmolality was signifi- 
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Fic. 8. Effects of age on maximum urine concentration 
after pitressin injection for two strains of rats. 


cantly higher in the pitressin-injected groups as 
compared with controls regardless of whether 
urea was included in the total concentration. 
This rise in plasma osmolality was consistent 
with the observed deficit of water intake of the 
pitressin-injected group (3 to 4 ml.), a result 
which strongly supports the view that ADH has 
a direct effect upon the thirst mechanism; it is 
opposite to what would be expected if the renal 
effect of ADH were the only one present and 
water were retained as a result of decreased 
water excretion. 

The main importance of this observation lies 
in terms of the control of ADH production. 
If water intake inhibits ADH by altering the 
stimulus to osmoreceptors, and if ADH produc- 
tion inhibits water intake according to the re- 
sults we have obtained, then this system con- 
stitutes a closed-loop control which is essentially 
unstable. Without other modulating in- 
fluences, this serrvomechanism would tend to one 
extreme or the other, that is, maximum anti- 
diuresis or inhibition of ADH _ production. 
This mechanism may be an important determi- 
nant of the maintenance of minimum water 
turnover by normal animals, but other aspects 
of ADH control, including other stimuli than 
the concentration of body or cellular fluids, or 
the rate of inactivation of circulating ADH," 
may also be of importance. 


Acip-BAsE BALANCE OF DIET AND 
RENAL DISEASE 


Finally, I should like to discuss briefly some 
results we have obtained in old rats with spon- 
taneous kidney disease. These observations 
are not directly concerned with electrolyte 
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metabolism, but may be of interest because of a 
connection of acid-base balance to the functional 
changes observed. Figure 8 shows the effect of 
age on maximum urine concentration in two 
strains of rats we have studied. A difference in 
the sex incidence is observed in these two strains; 
no explanation other than a genetic one is 
obvious. . This decrease in concentrating ability 
is associated with other evidence of renal damage 
such as proteinuria (which shows a rough correla- 
tion with the degree of concentration loss), and, in 
the terminal phases, azotemia, gross mesenteric 
arteritis and a decrease in PAH and inulin 
clearances. It has been possible to accentuate 
the defect in concentrating ability by changing 
the diet to one giving rise to a basic urine, for 
example Purina dog chow (urine pH 7.0-7.1) 
compared with Purina lab chow (urine pH 
6.2-6.3). It has also been possible to produce 
reversible changes in maximum concentrating 
ability by supplementing diets with acid salts. 
If subsequent work shows that these changes in 
acid-base balance of the diet can modify the 
incidence of renal lesions, which in the early 
stages consist of periglomerular tubular changes 
and fibrosis, then in rats at least we must con- 
sider acid-base properties of the diet as an addi- 
tional variable for assessing dietary influence on 
renal disease. 


SUMMARY 


I have discussed the regulation of water 
balance by normal adult rats in relation to 
electrolyte turnover. The evidence presented 
supports the view that endogenous ADH is 
normally maintained at a level sufficient to keep 
urine water close to the minimum, and that 
ADH may have an additional effect of inhibiting 
water intake. The normal antidiuresis of rats 
could be largely abolished by feeding a sodium-, 
potassium- and chloride-free diet. The signifi- 
cance of a dependence of ADH production on 
electrolyte intake, in relation to the idea that 
ADH may be one stimulus of ACTH production, 
has been discussed briefly. Preliminary work 
on spontaneous renal disease in old rats indicates 
an influence of acid-base balance of the diet on 
functional changes observed in these animals. 
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Regulation of Sodium Chloride Intake by 
Normotensive and Hypertensive Rats’ 


MELVIN J. FREGLY, PH.D. 


Gainesville, Florida 


z vw REGULATION of water intake and caloric 
intake have been observed and studied in 
man and other animals under a variety of ex- 
perimental conditions.” Little attention has 
been given the possibility that animals may 
regulate their sodium chloride intake if given the 
opportunity to do so. Early experiments of 
Richter* called attention to the role of the 
adrenal gland in the regulation of NaCl intake 
of rats. Adrenalectomy was accompanied by 
an increased NaCl intake when choice was 
allowed between water and NaCl solution as 
drinking fluids. Others noted that renal hyper- 
tensive rats manifested a relative NaCl aversion 
when the test situation was the same as that used 
by Richter for his adrenalectomized rats.*® 
The results of these two experimental procedures 
suggest that NaCl intake is regulated and that 
the regulatory mechanism(s) may be reset to 
operate at either higher or lower levels of intake 
depending upon the physiolugical need. The 
experiments described here were carried out to 
determine (1) whether it could be demon- 
strated that normal rats regulate their voluntary 


intake of NaCl and (2) whether renal hyper- 


tension alters this regulation. 


METHODS AND RESULTS 


Three separate experiments were performed. Each 
utilized male rats of the Holtzman strain. The rats 
were kept in individual metabolism cages in a window- 
less room maintained at 26 + 1°c. and illuminated 
from 8 A.M. to 6 P.M. Food was provided in spill- 
proof containers which have been described in detail.® 
Fluid was available from containers of the type de- 
scribed by Lazarow’ and consisting of Evenflow 
nursing bottles with cast aluminum caps. Fluid 
losses during drinking were negligible when tested 
by wiring 5 ml. Griffin beakers containing mineral oil 
to the cage just beneath the aluminum cap. Half of 
the rats in each experiment had their kidneys en- 


capsulated by the technic of Abrams and Sobin.* All 
hypertensive rats used had systolic blood pressures at 
least 35 mm. Hg above the highest single control 
value (145 mm. Hg). Blood pressure was measured 
by the tail plethysmograph® without anesthesia in 
the first experiment and by the microphonic ma- 
nometer technic” without anesthesia in the second and 
third experiments. 


EXPERIMENT 1. EFFECT OF DIETARY 
SUPPLEMENTATION WITH NACL ON 
SPONTANEOUS INTAKE OF NACL SOLUTION 


Ten rats were used. Five rats had their kidneys 
bilaterally encapsulated 10 weeks prior to the experi- 
ment. The other five rats were used as control 
subjects. Each rat was kept in an individual round 
metabolism cage and allowed choice between 0.15 
M. NaCl solution and distilled water as drinking 
fluids. An initial period of 1 week preceding the 
experiment was used to accustom the rats to the 
experimental situation. During this period all rats 
were given two bottles each containing distilled 
water. Only rats drinking roughly equal amounts 
from each bottle were used. This was done to 
eliminate “‘bottle factor” or preference of a rat for a 
bottle. During the initial control as well as the ex- 
perimental period, the positions of the bottles on 
each cage were interchanged randomly to avoid habit 
formation or conditioning in the selection of fluid. 
The food given was a commercial} sodium deficient 
diet supplemented in chronological sequence with 
100, 250, 500, 750, 1,000 and 100 mEq. NaCl per kg. 
food. Each ration was given for 5 days; the experi- 
ment lasted 30 days. 

Results: Some results of the experiments are 
summarized in Figure 1. Water intake of control 
rats (Fig. 1A, column with parallel lines) 
varied from 5 to 9 ml. per 100 gm. body weight 
per day, while that of hypertensive rats varied 
from 12 to 16 ml. per 100 gm. body weight per 
day (Fig. 1F). Intake of NaCl solution (stip- 


t Nutritional Biochemicals Corp., Cleveland, Ohio. 


* From the Department of Physiology, University of Florida, College of Medicine, Gainesville, Florida. Supported 


by a grant from The American Heart Association. 
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Fic. 1. Results of measurements made on control (left 
side of figure) and hypertensive (right side of figure) rats. 
Fluid, food and total sodium intakes are shown for con- 
trol rats in A, B and C respectively and for hypertensive 
rats in F, G and H respectively. Systolic blood pressures 
of control rats are shown in D and for hypertensive 
rats in I. Mean body weights are shown in E and J 
respectively. See text for explanation of results. 


pled portions of Fig. 1A and F) by control rats 
was more variable than that of hypertensive 
rats. The latter consumed approximately 5 
ml. per 100 gm. body weight per day regard- 
less of NaCl content of diet. Control rats 
consumed from 6 to 9 ml. per 100 gm. body 
weight per day. Total fluid intakes (NaCl 
solution plus water) tended to increase as the 
sodium chloride content of the diet was in- 
creased. The sum of the heights of each column 
(stippled and paralled lines) at a given food 
sodium concentration gives the total fluid intake 
(Fig. 1A and F). Food intakes of the two groups 
of rats (Fig. 1B and G) were nearly identical. 
Food intake tended to decrease as NaCl content 
of the diet increased. Total sodium intake 
(both food and fluid, Fig. 1C and H) of hyper- 
tensive rats was less than that of control rats 
at any period during the experiment. This 
reflects the NaCl aversion of these rats. Blood 
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Fic. 2. Sodium intake in food and in fluid in five 
normotensive control (circle) and five hypertensive 
(triangle) rats given food containing the sodium contents 
shown at the bottom of the figure and choice between 
distilled water and 0.15 M. NaCl solution to drink. 
+1 standard error is set off at each mean fluid intake of 
sodium. 
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pressures (Fig. 1D and I) of the two groups were 
significantly different at any period during the 
experiment. The blood pressure of control rats 
tended to rise as NaCl content of the diet in- 
creased. Mean systolic blood pressure rose from 
105 mm. Hg when food contained 250 mEq. 
NaCl per kg., to 130 mm. Hg when food con- 
tained 1000 mEq. NaCl per kg. This was 
a significant (P < 0.01) rise in blood pressure. 
Hypertensive rats failed to show any effect of 
increasing NaCl content of diet (Fig. 1I). 
Mean body weight of both groups increased 
during the course of the experiment (Fig. 1E 
and J). 

The sodium intakes by way of food and fluid 
are shown separately for control and hyper- 
tensive rats at each level of dietary sodium used 
(Fig. 2). The amount of sodium ingested with 
food was the same for both groups of rats and 
was linearly related to sodium content of the 
diet. Hence, daily food intake was approxi- 
mately constant in spite of increasing amounts. 
of sodium in the diet. This demonstrates the 
results observed earlier by Adolph" that the 
rat eats for calories primarily. In contrast to 
the linear increase of sodium intake with food, 
fluid sodium intake remained relatively con- 
stant for both groups of rats. Fluid sodium 
intake of control rats increased when food 
content of NaCl was increased from 100 to 500 
mEq. per kg. but remained constant there- 
after. Fluid sodium intakes of control rats 
were significantly (P < 0.01) greater than those 
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Fic. 3. Experiment 2, control rats. -A, the mean volume of reference (0.15 
M. NaCl) solution ingested during each 4 day period of the experiment is 
shown above the line. The mean volume of test solution ingested simultaneously 
during the same 4 day period is shown below the line. The concentration 
of the test solution at each period is given at the bottom of A. +1 standard 
error is set off at each mean. The probability value at the top of A indicates 
the significance of the difference between volumes of test and reference solu- 
tions ingested during that period. B, mean sodium intake of control rats at 
each period of the experiment. Food given was sodium-free. C, virtual sodium 
intake concentration (mEq. of sodium ingested per L. of total fluid ingested) 
at each period of the experiment. 


appears not to be sensed. If it were, one might 
expect a large intake of dietary NaCl to decrease 
voluntary NaCl intake as salt solution. The 


of hypertensive rats when 250, 500 and 750 
mEq. Na per kg. food were given. The re- 
sults suggest that both control and hypertensive 


rats may regulate their voluntary sodium intake 
and that the physiological factor (or factors) 
‘involved in this regulation senses sodium chloride 
in solution only. Sodium chloride in food 


level of NaCl ingested voluntarily (in fluid) by 
the control rats is nearly the same as the 
minimal sodium intake required for normal 
growth.” 
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EXPERIMENTS 2 AND 3. THE EFFECT OF CON- 
STANT DIETARY NACL CONTENT UPON SPON- 
TANEOUS INTAKE OF DIFFERENT CONCENTRA- 
TIONS OF NACL SOLUTIONS OFFERED SIMUL- 
TANEOUSLY 

Two separate series of experiments were performed 
on the same group of ten male Sprague-Dawley rats. 
Hypertension had been induced as described above in 
half of the rats 9 weeks prior to the experiment. At 
the time of the experiment systolic blood pressures of 
all hypertensive rats were approximately 180 mm. Hg 
while blood pressures of controls ranged from 130 to 
140 mm. Hg. 

The object of these experiments was to give hyper- 
tensive and control rats a diet containing a constant 
concentration of NaCl but to allow them choice be- 
tween two NaCl solutions of different concentration 
to assess their abilities to regulate their sodium 
intake. 

Each rat was kept in a round metabolism cage in a 
windowless, thermoregulated room and was given 
choice between two bottles of NaCl solution to drink. 
One bottle always contained 0.15 M. NaCl solution 
and will be called the reference solution. The second 
bottle contained a NaCl solution whose concentration 
was changed every 4 days and is called the test solution. 
The chronological sequence of molar concentrations 
offered as test solution was: 0.004, 0.008, 0.015, 
0.030, 0.045, 0.060, 0.080, 0.090, 0.100, 0.125, 0.150, 
0.175 and 0.200. Dilutions were made from a single 
concentrated stock solution. Daily measurements of 
water, NaCl solution and food intake and body weight 
were made. The food offered was a synthetic sodium 
deficient diet.* The food and fluid containers were 
the same as those described in experiment 1. 


Results: Control rats. The results of the 
experiment are shown in Figure 3 for control 
rats. In part A, the simultaneous volumes of 
reference (0.15 M. NaCl) solution (stippled 
bars above the horizontal line) and test solu- 
tion (lower striped bars) ingested during each 
period are shown. For example, during period 
1, simultaneous volumes of 0.15 M. NaCl 
solution and 0.004 M. NaCl solution ingested 
were 8 and 2 ml. per 100 gm. body weight per 
day respectively. The concentration of NaCl 
in each test solution is shown at the bottom of 
Figure 3A. The probability value obtained 
by statistical comparison of the difference be- 
tween simultaneous volumes of test and ref- 
erence solutions ingested is given at the top of 
Figure 3A. The data suggest that control rats 
failed to differentiate between 0.15 M. NaCl 
solution and 0.08 M. NaCl solution when of- 
fered simultaneously (P = 1.00). This suggests 


* Nutritional Biochemicals Corp., Cleveland, Ohio. 
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that these two solutions either tasted the same 
or were desired in the same quantity by the 
rats. The rats failed to differentiate between 
higher concentrations of test solutions and the 
reference standard with the single exception of 
the instance in which both bottles contained 
0.15 M. NaCl solution. At this time somewhat 
more salt solution was ingested from the test 
bottle. The ‘“‘taste’” difference threshold 
appears to lie between 0.06 M. and 0.08 M. 
since control rats were unable to distinguish be- 
tween the latter concentration and 0.15 M. 
NaCl solution offered simultaneously. 

Although control rats varied the volumes of 
fluid taken from the test and reference bottles, 
they maintained a very constant sodium intake 
(1.2 mEq. per 100 gm. body weight per day) 
(Fig. 3B). When choice was offered between 
0.175 to 0.2 M. NaCl test solution and 0.15 M. 
NaCl reference solution, sodium intake increased 
sharply, probably due both to the increased 
fluid exchange attendant upon administration 
of hypertonic NaCl solutions and to the fact 
that these rats could not distinguish between 
test and reference solutions. 

The virtual sodium intake concentration (mEq. 
sodium per L. total fluid intake per day) re- 
mained fairly constant until difference thresh- 
old was exceeded. Virtual sodium intake 
concentration then rose approximately linearly 
with increasing concentration of the test solu- 
tion. These rats were regulating their sodium 
intake level even though virtual sodium intake 
concentration was increasing. This suggests 
that the sodium intake is regulated primarily 
while virtual intake concentration is regulated 
secondarily. 

Hypertensive Rats: Similar observations on 
hypertensive rats are shown in Figure 4. This 
figure is drawn in the same fashion as Figure 
3. Hypertensive rats show the typical poly- 
dipsia accompanying renal _ encapsulation. 
Total fluid intake at any concentration of test 
solution oered was significantly (P < 0.01) 
greater than that of control subjects. Hyper- 
tensive rats failed to distinguish between test 
and reference solutions when the concentra- 
tion of the test solution was 0.09 M. The 
taste difference threshold lies at a slightly 
higher level for these rats than it did for con- 
trols. Threshold lies between 0.08 and 0.09 
M. (Fig. 4A). 

Sodium intake of hypertensive rats increased 
in a roughly linear fashion with increasing con- 
centration of the test solution (Fig. 4B).- These 
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Fic. 4. Experiment 2, hypertensive rats. Details of this figure are the same 
as that of Figure 3. Food given was sodium-free. 


rats apparently failed to maintain the relatively 
‘constant sodium intake observed in control 


rats. Sodium intake of hypertensive rats 
-actually exceeded that of controls when 0.045 
M. NaCl was offered as the test solution. 
Virtual sodium intake concentration of hyper- 
itensive rats increased with increasing concentra- 
tion of the test solution offered (Fig. 4C). 


Although the initial concentration level was 
lower than that of control rats, final values were 
nearly identical. 

The mean systolic blood pressures of contro! 
group ranged from 127 to 138 mm. Hg during 
the course of the experiment while mean 
systolic blood pressures of hypertensive rats 
ranged from 175 to 198 mm. Hg. 
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Fic. 5. Experiment 3, control rats. Figure is drawn in the same fashion as 
that of Figure 3. Purina laboratory chow was used as food. 


EXPERIMENT 3 


The third experiment was performed in the same 
fashion as the second excepting that the diet given 
both control and hypertensive rats was ground 
Purina laboratory chow.* This experiment began 1 
week after the second experiment ended. During this 
time the rats received water to drink and ground 
chow to eat. 

Each rat was kept in a round metabolism cage 
under the same conditions as in the previous experi- 
ment. The NaCl solutions were each given for 4 
days ata time. The chronological sequence of molar 
concentrations offered was: 0.004, 0.008, 0.03, 0.045, 
0.06, 0.08, 0.1, 0.15, 0.175, and 0.2. Dilutions were 
made from a single concentrated stock solution. 


* Sodium content of the diet determined by wet ash- 
ing with concentrated nitric acid and analysis by flame 
photometry was 127 mEq. per kg. food. 
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Daily measurements of water, NaCl solution and 
food intakes and body weight were made. 


Results: Control rats. The results of the 
experiment are shown in Figure 5 for control 
rats. In part A, the simultaneous volumes of 
reference (0.15 M. NaCl) solution (upper 
stippled portion of figure) and test solution 
(lower striped portion of figure) are shown for 
each test solution offered as in Figure 3. 
The data suggest that control rats ingested 
similar volumes (P > 0.05) of test and ref- 
erence solutions when the test solution was 
0.1M. or greater in concentration. Thus, these 
rats could not distinguish between the two 
solutions when the difference in molar con- 
centration between them was 0.5. This was 
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Fic. 6. Experiment 3, hypertensive rats. Figure is drawn in the same fashion 
as that of Figure 3. Purina laboratory chow was used as food. 


the case whether the test solution was 0.1 or 
0.2 (reference solution being 0.15). 

The total sodium intake was relatively constant 
until choice was offered between 0.08 and 0.15 
M. NaCl solution (Fig. 5B). Total sodium in- 
take increased gradually with increasing con- 
centration of the test solution thereafter. As in 
the previous experiment total sodium intake 
increased when the concentration of the test 
solution was near the taste difference threshold. 
The sodium ingested by way of food remained 
relatively constant throughout the experiment. 

Virtual sodium intake concentration (Fig. 5C) 
varied from approximately 180 to 200 mEq. 


per L. per day until choice was offered between 
0.1 and 0.15 M. NaCl solution. At concentra- 
tions of test solution higher than this, virtual 
sodium intake concentration increased sharply. 

Hybertensive Rats: Hypertensive rats ingested 
very little reference solution until concentration 
of the test solution reached 0.1 M. (Fig. 6A). 
At these lower concentrations of test solution 
the hypertensive rats manifested a typical NaCl 
aversion. When 0.1 M. NaCl solution was 
given, hypertensive rats ingested similar vol- 
umes (P > 0.05) of test and reference solutions. 
Similar results were observed at higher concen- 
trations of test solution. The taste difference 
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threshold of the hypertensive rats was the same 
as that of control rats and was between 0.08 
and 0.1 M. 

The total sodium intake of hypertensive rats was 
not as constant as that of control rats (Fig. 
6B). Total sodium intake was somewhat ir- 
regular but tended to increase with increases 
in the concentration of test solution offered. 
The hypertensive rats appeared less able than 
controls to regulate either sodium intake or vir- 
tual sodium intake concentration. 

In Figure 7, Part A, the results of the last 
two experiments described here are compared. 
Total sodium intake is graphed against the 
concentration of NaC] in the test solution offered 
to the rats. When chow was given as food, the 
curves for both control and hypertensive rats 
lay above those for the same rats given a 
sodium-deficient diet. It may be seen more 
clearly here that hypertensive rats appeared 
less able than controls to maintain a constant 
sodium intake in the face of changing con- 
centrations of test solution. 

In Parts B and C of Figure 7, the fluid sodium 
intakes of control and hypertensive rats respec- 
tively are shown for each experiment. In spite 
of the fact that chow contained sodium, there 
was little difference between the fluid sodium 
intakes of control rats when given either 
sodium-deficient or chow diet. A_ similar 
statement may be made for hypertensive rats. 
These results demonstrate again that the sodium 
content of food apparently was not sensed by 
the rats. They drank NaCl solution as though 
it were their only source of sodium. 


CoMMENTS 
Results of these studies suggest that both 


control and hypertensive rats can regulate their’ 


sodium intake if the sodium load is given in 
food and if NaCl is in one of the drinking fluids 
available. Under these conditions, the level 
at which the daily sodium intake is maintained 
is approximately 1 to 1.5 mEq. per 100 gm. 
body weight per day in excess of the food sodium 
intake for control rats and 0.6 to 0.8 mEq. 
per 100 gm. body weight per day for hyper- 
tensive rats. These levels are maintained in 
spite of large changes in the food sodium con- 
centration. It is noteworthy that the sodium 
intake level of control rats is approximately 
the daily requirement for sodium in young rats 
as judged by normal growth and reproduction.” 

In the last two experiments the rats were 
required to maintain their sodium intake by 


adjusting the volume of solution ingested from 
each of two bottles containing NaCl at different 
concentrations. The food was not salt-loaded. 

Control rats adjusted their volume intakes 
to maintain a relatively constant sodium intake. 
Regulation appeared to be less stable when the 
concentration difference between test and ref- 
erence solution was less than 0.05 to 0.07 M. 
probably because both control and _hyper- 
tensive rats were unable to distinguish, by taste, 
the difference between reference and test solu- 
tions. This inability to distinguish between 
the two solutions prevented the rats from mani- 
festing at least some regulation by ingesting 
their daily fluid requirement from the lower 
concentration of salt solution. Control rats 
appeared to be interested primarily in regulating 
sodium intake and secondarily, or not at all, 
in regulating virtual intake concentration. 

Hypertensive rats appeared to be unable to 
regulate their daily sodium intake under these 
same conditions. Sodium intake increased 
gradually as the sodium concentration of the 
test solution increased while virtual sodium 
intake concentration increased sharply at the 
same time. This inability to regulate salt 
intake under these conditions may be linked with 
the altered water turnover of these animals.‘ 
Recent unpublished observations have shown 
that for each increment of sodium ingested, 
twice as much water is ingested by hypertensive 
rats as by controls. The salt intake of hyper- 
tensive rats was little affected as long as con- 
centration of the test solution was low. As 
concentration of test solution increased, the 
greater water requirement brought about 
greater salt intake and a vicious cycle was set 
into motion. Apparently the defect in water 
metabolism of hypertensive rats affects their 
ability to regulate sodium intake under the 
conditions of this experiment. This defect 
in water metabolism is probably related to 
renal tubular pathology. 

The taste difference threshold of hyper- 
tensive rats was the same as that of controls. 
Addition of sodium chloride to the diet probably 
increased the threshold slightly. Control rats 
on a sodium-deficient diet no longer detected 
the difference between reference (0.15 M. NaCl) 
and test solution when test solution was 0.08 
M. Giving these rats a chow diet increased 
the threshold concentration to 0.1 M. Similar 
results were observed in hypertensive rats 
(0.09 M. on Na-free to 0.1 M. on chow). This 
suggests that the ability to differentiate between 
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two NaCl solutions of different concentration 
was actually increased by addition of salt to 
the diet. Further study of this is in progress. 


SUMMARY 


Physiologic regulation of sodium intake has 
been observed in rats. The level of regulation 
of sodium intake by hypertensive rats is below 
that of controls if the salt load is in the food and 
choice is allowed between water and 0.15 M. 
NaCl solution to drink. Under these condi- 
tions fluid sodium intake is not influenced by 
the sodium content of the diet. This suggests 
that the rats are able to detect only the sodium 
in solution. 
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Acute Antihypertensive Effects of 
Chlorothiazide’ 


Epwarop D. FRE!s, M.D. 


Washington, D. C. 


Ze OBSERVATION that chlorothiazide and 
other related saluretic agents produce a 
moderate lowering of arterial pressure in most 
hypertensive patients but not in normotensive 
subjects!” raised an important question. Is it 
possible that these drugs act specifically on the 
pathogenic mechanism iin hypertension? 
Also, since they facilitate excretion of salt, the 
specificity of their action in hypertension pro- 
vided further evidence for the etiologic role of 
sodium in hypertension. Chlorothiazide might 
provide an important pharmacologic tool, 
therefore, for learning more about the factors 
producing hypertension in man. The following 
report reviews the evidence regarding the mode 
of the antihypertensive action of chlorothiazide 
when: it is administered for short periods of 1 
week or less. 


DEPENDENCE OF ANTIHYPERTENSIVE EFFECT 
ON SALT DEPLETION 


When chlorothiazide is administered in- 
travenously (or orally) the reduction of blood 
pressure does not occur immediately. This 
would indicate that the agent has no direct 
vasodepressor action.’ Ifone is careful to obtain 
a steady, basal blood pressure in the patient 
and then administers chlorothiazide it will be ob- 
served that the blood pressure falls during the 
period of saluresis.'‘* If a patient has been 
sympathectomized he will be more responsive 
due to the loss of reflex vasoconstrictor responses, 
but even in this case the rate of sodium excretion 
in the urine must increase before the arterial 
pressure falls. Furthermore, the arterial pres- 
sure does not continue to fall after maximum 
saluresis has been completed. The close tem- 
poral relationship between saluretic and anti- 
hypertensive effect suggests that the hypotension 
is a consequence of the salt depletion.*:® 


Perhaps the most convincing evidence is the 
observation that other measures which deplete 
the body of sodium also lower blood pressure in 
hypertensive patients. It is well known that the 
antihypertensive effect of the “rice diet” is due 
to its sodium-losing action and that simple addi- 
tion of sodium salts to the diet in adequate 
amounts will promptly restore the pretreatment 
level of blood pressure. In addition, parenteral 
mercurial diuretics reduce arterial pressure in 
hypertensive patients® and increase responsive- 
ness to ganglion-blocking drugs.’ The latter is 
also an outstanding characteristic of chloro- 
thiazide. It would appear reasonable, there- 
fore, that the acute antihypertensive effect of 
chlorothiazide is dependent on its salt-depleting 
action and not on any direct vasodepressor or 
obscure metabolic properties. 


EVIDENCE THAT SALT LOSS IS FROM THE 
EXTRACELLULAR FLUID VOLUME RATHER THAN 
FROM CELLS 


When hypertensive or normotensive subjects 
are studied under balanced conditions in the 
hospital, administration of chlorothiazide (500 
mg. every 8 hours) produces a depletion of ap- 
proximately 250 to 300 mEq. of sodium.®'® 
Sodium excretion is maximal] during the first 24 
hours and largely complete by 48 to 72 hours 
after which the rate of excretion roughly parallels 
the rate of intake. There is no significant 
change in sodium concentration in the plasma 
and, hence, in the extracellular fluid, although 
potassium levels drop moderately. Since ex- 
tracellular sodium concentration is unchanged, 
the negative balance of this ion (approximately 
275 mEq.) must have been derived from the 
cells or have been carried out along with a bulk 
excretion of isotonic extracellular fluid. 

To investigate this problem further, body 


* From the Veterans Administration Hospital, and the Department of Medicine, Georgetown University School of 


Medicine, Washington, D C. 
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weight and extracellular fluid space changes 
were determined.®:® Extracellular fluid space 
was estimated using the 3-hour equilibration 
space of thiocyanate and radiosulfate.* Al- 
though each of these indicators provide a 
different estimate of absolute extracellular fluid 
space they indicated similar quantitative changes 
in extracellular fluid space following chloro- 
thiazide. In nonedematous subjects the loss of 
fluid from the extracellular fluid space observed 
3 to 6 days after initiating chlorothiazide treat- 
ment averaged about 2 L. while the loss of body 
weight averaged approximately 2 kg. There 
was an approximate correlation between the 
extent of the weight loss and the quantity of 
extracellular fluid depletion in the various 
subjects. The weight loss, therefore, seemed to 
be the result of a depletion of extracellular 
rather than intracellular water. 

No Depletion of Intracellular Sodium: If the 
negative sodium balance was due to bulk excre- 
tion of isotonic extracellular fluid then one 
would expect that there would be a correspond- 
ence between the total negative balance of 
sodium and the amount of sodium contained 
in the total extracellular fluid loss. For each 
liter of isotonic extracellular fluid excreted, 
roughly 140 mEq. of sodium would be lost from 
the body. It will be recalled that the sodium 
concentration in the plasma remained un- 
changed and yet the extracellular fluid was 
reduced by an average of approximately 2 L. 
The extracellular fluid loss probably carried 
out its contained sodium for otherwise the 
plasma concentration of sodium should have 
risen. Two liters of isotonic extracellular fluid 
contains about 280 mEq. of sodium and since 
the cumulative negative balance of sodium was 
about 250 to 300 mEq. this observed sodium 
depletion could be entirely accounted for on the 
basis of extracellular fluid loss. Thus, there 
was no evidence for depletion of intracellular 
sodium. 


EVIDENCE THAT ANTIHYPERTENSIVE EFFECT 
WAS DEPENDENT ON REDUCTION IN PLASMA 
VOLUME 


Reduction of extracellular fluid necessarily 
implies a fall in plasma volume since these fluid 
compartments are in equilibrium. A diminu- 
tion in plasma volume following chlorothiazide 
has been found by several investigators.!*: In 
this laboratory® the reduction in plasma volume 
during the first week of chlorothiazide treat- 
ment averaged 358 + 223 ml. 
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If the reduction of plasma volume were re- 
sponsible for the fall of arterial pressure it 
would do so by a reduction in cardiac output 
rather than by a decrease in peripheral re- 
sistance. On the other hand, if the antihyper- 
tensive effect were due to some other cause, such 
as a shift of sodium out of vascular smooth 
muscle, a decrease in total peripheral resistance 
would be the expected hemodynamic effect. 
Investigations of this matter by three groups 
resulted in the finding of a reduction in cardiac 
output and increase in peripheral resistance by 
two of the investigative groups!®'" and variable 
and inconclusive responses by the third.’ In 
this laboratory" not only was a decline in 
cardiac output noted but also a decrease in 
right atrial pressure. 

Replacement of plasma volume by infusing 6 
per cent dextran either in isotonic saline or 
isotonic glucose solution lead to partial and in 
some cases complete restoration of the blood 
pressure to or toward the pretreatment level.® 
The effect is particularly striking if the patient 
is also taking blocking agents.* Supplying 
excess salt orally sufficient to restore body weight 
(12 to 30 gm. per day above the amount in the 
diet) also restored the blood pressure. Discon- 
tinuation of chlorothiazide was followed by a 
return of body weight and blood pressure within 
24 to 48 hours if salt was permitted ‘‘ad libitum”’ 
in the diet (5 to 7 gm. per day).* These various 
observations indicate that the decrease in plasma 
volume is important in the antihypertensive 
action of chlorothiazide at least during short 
term treatment in man. 


EFFECT OF CHLOROTHIAZIDE ON BLOOD 
PRESSURE OF NORMOTENSIVE SUBJECTS 


As mentioned previously, chlorothiazide in 
therapeutic dosages (1 to 1.5 gm. per day) does 
not lower the basal blood pressure of normo- 
tensive subjects.* There was a slight decline 
in systolic and similar rise in diastolic without 
change in mean pressure accompanied by a 
slight increase in heart rate. Although small, 
these changes suggested that the normotensive 
subjects were making adequate compensation 
for the decrease in plasma volume possibly 
through the baroreceptor mechanisms. The 
degree of weight loss, cumulative negative 
balance of sodium and decrease in plasma 
volume (as judged by the degree of elevation of 
hematocrit) were the same in the normotensive 
as in the hypertensive subjects, indicating that 
the difference was not due to any greater 
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saluretic effect in the hypertensive patients. 
The difference seemed to be due to incomplete 
homeostatic adjustment to the diminished 
plasma volume in the case of the hypertensive 
group. 

Reduced Pressor Response to Norepinephrine: 
Although the basal blood pressures of the 
normotensive subjects were unaffected by 
chlorothiazide their responsiveness to norepi- 
nephrine infusion was significantly depressed. 
Following 3 days of continuous treatment with 
chlorothiazide both the systolic and diastolic 
rise of blood pressure during intravenous infusion 
of norepinephrine was decreased.’ It is of 
interest that the average per cent reduction of 
this pressor response was about the same quanti- 
tatively as the average per cent fall of basal 
blood pressure in hypertensive patients (15 per 
cent.) Additionally, it was observed in the 
normotensive subjects that replacement of 
plasma volume with salt-free dextran signifi- 
cantly restored the pressor response to norepi- 
nephrine back toward the control level." 


CoMMENTS 


These investigations provide some clues as to 
possible reasons why chlorothiazide lowers 
basal blood pressure specifically in the hyper- 
tensive patient. They suggest that at least in 
the early phase of treatment the reduction in 
plasma volume resulting from the saluresis 
affects the blood pressure of the hypertensive 
more profoundly than that of the normotensive 
subject. This would indicate that the homeo- 
static mechanisms for regulating blood pressure 
are more easily disturbed in hypertensive 
patients. Clinical experience also indicates 
that hypertensive patients as a group are more 


prone to have hypotension and syncope on quiet ° 


standing, and that their blood pressure levels 
are more labile than those of normotensive 
subjects. 

Another clue is the observation that chloro- 
thiazide reduces the pressor response to nor- 
epinephrine infusion or other pressor agents." 
This result could be expressed in another way, 
namely, that chlorothiazide lowers the blood 
pressure in normotensive subjects when their 
levels of arterial pressure have been elevated 
above normal by a pressor agent. Similarly 
it is possible that chlorothiazide through reduc- 
tion in plasma volume, decreases blood pressure 
responsiveness to the unknown pressor principles 
operative in hypertension. 

In agreement with Conway, we also failed to 


Freis 


find a significant reduction in extracellular fluid 
and plasma volumes after long term treatment 
with chlorothiazide even though the reduction 
of blood pressure was maintained.* Unlike 
his results, however, restoration of body weight 
also was observed and indeed all three pa- 
rameters: body weight, extracellular fluid and 
plasma volume tended to move _ together, 
gradually returning toward pretreatment levels. 
Also, in our patients, the returns of these indices 
were not complete although the reductions from 
control after 6 to 12 months of treatment were 
no longer statistically significant. It is difficult 
to believe that a drug will act by one mechanism 
for a certain period of time and then by an en- 
tirely different mechanism at a later date. It 
was suggested that the body finds means for 
overcoming to a considerable extent (although 
perhaps not entirely) the effects of the drug on 
the salt-conserving mechanisms, but that in the 
meantime the general level of blood pressure has 
been modified downward.* Modification of 
the general level of blood pressure and partial 
drug tolerance are seen during long term treat- 
ment with other antihypertensive agents such as 
ganglion blocking drugs. 

It is fortunate that the saluretic agents do 
not produce a continued negative balance 
of sodium. The depletion conveniently stops 
after the second or third day so that there is 
no further loss of body stores of sodium. The 
mechanism which arrests this process is at 
present unknown. Increased aldosterone excre- 
tion was not noted in hypertensive patients 
treated with chlorothiazide." 


SUMMARY 


The acute antihypertensive effects of chloro- 
thiazide are associated with a depletion of extra- 
cellular and plasma volumes. Evidence is pre- 
sented to suggest that the reduction in plasma 
volume is an important part of the mechanism 
which initiates the reduction in blood pressure. 
Since the plasma and extracellular fluid volumes 
return over a period of weeks or months toward 
pretreatment values despite a continued reduc- 
tion of blood pressure, the maintenance of the 
antihypertensive effect during long term therapy 
remains unexplained. 
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Mode of Action of Chlorothiazide in the 


Reduction of Blood Pressure in Hypertension’ 


JAMES CONWAY, M.D., PH.D. and Puitip LAUWERS, M.D. 


RE Is considerable circumstantial evidence 
eer hypertension is associated with abnor- 
malities of water and electrolyte metabolism. 
In man this evidence rests mainly upon the 
fact that a low sodium diet will frequently 
reduce blood pressure" ? and that salt-retaining 
hormones will produce hypertension.* A drug 
which lowers blood pressure by producing a 
pronounced and continued diuretic effect upon 
the kidney must, therefore, be of considerable 
interest. Before such a drug could be regarded 
as affecting the disease process, however, it 
would be necessary to show that it acts by reduc- 
ing peripheral resistance. 

At first sight, chlorothiazide did not appear 
to fit this role since its hypotensive action was 
shown by Freis* and Dustan® to result from a 
loss of plasma volume and thereby a reduction 
in cardiac output. We made measurements 
similar to these but under different circum- 
stances. Our studies consisted in measurement 
of cardiac outputs of patients who had been 
taking chlorothiazide, 1 gm. per day, con- 
tinuously for at least 1 month; whereas both 


Freis and Dustan determined their effects of 


chlorothiazide after periods of less than 2 
weeks. 

Cardiac Output: In fifteen of nineteen patients 
in our series, the cardiac output was either 
unchanged or increased after chlorothiazide 
therapy. Only four patients showed a decline 
in cardiac output. The mean control cardiac 
index for this group prior to treatment was 
3.7 L. per minute. After treatment it was 4.1 
L. per minute. Since blood pressure was re- 
duced at this time, the calculated peripheral 
resistance was also reduced by a mean of 23.6 
per cent® (Fig. 1). 

Plasma Volume and Peripheral Resistance: Since 
cardiac output is extremely variable even with 


Ann Arbor, Michigan 


every effort to standardize laboratory conditions, 
we placed considerable importance upon plasma 
volume determinations made under similar 


circumstances of treatment. Here again, we 
were unable to demonstrate a physiologic dif- 
ference. In ten subjects we noted a mean 
reduction in plasma volume on only 90 ml.® 
To satisfy ourselves that these results represented 
a true difference between the acute and chronic 
stages of treatment, the effects of plasma volume 
and cardiac output of short periods of chloro- 
thiazide therapy were studied in seven patients. 
Plasma volume determinations in four. patients 
showed a mean reduction of 401 ml. and cardiac 
index measurement in four patients showed a 
mean reduction of 1 L. per minute. In this 
period, the fall in output was proportionately 
greater than the ‘change in blood pressure; 
consequently, total peripheral resistance in- 
creased by a mean of 14.6 per cent (Fig. 2). 

It appeared, therefore, that there was a change 
in the mechanism between the acute and chronic 
stages of treatment with chlorothiazide. The 
nature of this change is unknown but it is 
gratifying to see that the early unphysiologic 
effect of the drug is replaced after a few weeks 
of therapy by one which produces reduction of 
peripheral resistance. To suggest that this 
mechanism reverses the hypertensive. process 
would be premature, but these findings suggest 
that chlorothiazide is worthy of more intensive 
study. 

Sodium Depletion and Fall in Body Water: 
While the initial attention was thrown on the 
sodium-losing ability of chlorothiazide, it has 
not been shown that sodium depletion is the 
essential requirement for the hypotensive effect. 
Hollander et al.? demonstrated that the ex- 
changeable sodium level can be replenished by 
the administration of 9a fluorohydrocortisone 


* From the Hypertension Unit, Department of Internal Medicine, University of Michigan Medical Center, Ann 


Arbor, Michigan. 
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Fic. 1. Effect of long term therapy (more than 4 
weeks) with chlorothiazide on blood pressure, cardiac 
output and peripheral resistance. From: Conway, J. 
and Lauwers, P. Circulation, 21:21, 1960.6 


without return of the blood pressure to its 
pretreatment level. Similarly, a consistent 
change in the exchangeable sodium after long 
term therapy with chlorothiazide could not 
be demonstrated in seven patients studied by 
us, there being an increase in the value in three 
patients and a small fall in four.’ Others, 
likewise, have been unable to show a fall in the 


INDEX 
L/min 


CARDIAC 


exchangeable potassium level.® After long 
term chlorothiazide therapy the only consistent 
change that we have been able to determine is a 
fall in total body water. Since we and others” 
were unable to show a fall in extracellular fluid 
volume, we must conclude that this change in 
total body water represents a loss of intracel- 
lular water. In seven patients studied by us, 
the mean reduction was 1.9 L. This corre- 
sponded with a fall in body weight of 1.4 kg. 

It remains to be shown whether this change is 
the one responsible for the fall in blood pres- 
sure, but if chlorothiazide is affecting the hypo- 
tensive process, it would seem to us that the 
focus of attention should be on the distribution 
of body water in hypertension rather than upon 
sodium. To be sure, these two parameters 
are closely linked and, like Siamese twins, 
special tricks will have to be devised to separate 
them. 

Should loss of body water prove to be the 
essential change responsible for fall in blood 
pressure produced by chlorothiazide, the prob- 
lem will remain to elucidate the mechanism 
by which the peripheral resistance is reduced. 
The effect on the blood vessels may be upon the 
contractility of smooth muscle, upon the 
structure of whole blood vessels as suggested 
by Tobian"™ or possibly by an external effect 
reducing tissue pressure which is exerted on 
the vascular tree throughout its length. These 
alternatives are under active investigation at the 
present time. 
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Fic. 2. Changes in cardiac output, blood pressure and body weight with initiation and maintenance 


of treatment with chlorothiazide. 
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SUMMARY 


The possibility that chlorothiazide affects 
the hypertensive process is a very real one since 
the effect on the blood pressure of long term 
treatment is to reduce peripheral resistance. 

The means by which this is achieved is un- 
known. It cannot be shown to be due to loss 
of sodium since the level of exchangeable sodium 
returns to normal on long term treatment. 
The only change we have been able to observe 
is a fall in total body water which is believed 
to be due to a loss of cellular water. 
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Changing Status of Sodium Restriction 
in Therapy of Hypertension’ 


ARTHuR C. CORCORAN, M.D. 
Cleveland, Ohio 


ONGESTIVE HEART FAILURE, formerly recog- 
+ nized as dropsy and confused with other 
edematous states, is still a common cause of 
death. Indeed, until the advent 10 years ago of 
effective antihypertensive drugs, it was the 
most frequent cause of deaths associated with 
essential hypertension. Assuming that hyper- 
tensive subjects constituted a substantial propor- 
tion of patients with dropsy, it may be that the 
first to treat hypertension by sodium restriction 
was Phillipe Karrel, physician to the Czar. 
In 1866 he expressed his doubts about most 
medications, but seemed satisfied with his “milk 
cure.” His regimen, which continued to be 
used until recently, was an emergency measure; 
it consisted of providing the patient with 800 ml. 
of milk daily and nothing else for 5 to 7 days. 
After this, the regimen was supplemented by 
a slice of toast, an egg or a vegetable. It was in 
effect a low sali, low fluid, starvation regimen. 

These observations must have influenced 
Huchard,! who was probably the first to recog- 
nize and define hypertensive heart disease, in his 
development of “‘regime lacte’? which was much 
less rigorous in its restriction of fluid and calories 
and could be continued for long periods. 
Quantitative chemical methods were only 
brought to bear on the problem shortly after 
the turn of the century, when Ambard, Beau- 
jard? and other French clinicians came to the 
conclusion that the efficacy of Huchard’s treat- 
ment depended on its low salt content and 
began to prescribe similar diets of their own. 
In fact, arguing from effect to cause and within 
the limits of their methods, they proposed that 
hypertension was in fact a state of “dry” (as 
opposed to “‘wet’’ or edematous) chloride reten- 
tion, caused by accumulation of salt in vascular 
tissues. More than 50 years later, Tobian’s* ob- 
servations have given this view some confirma- 
tion. However, their diets were unattractive, 


especially to Frenchmen, and their data and 
rationale unconvincing. Consequently, while 
many continued to restrict salt in congestive 
failure, few followed their recommendations in 
dealing with uncomplicated hypertensive dis- 
ease. 

Low Salt Diet: The next seriously to undertake 
a study of salt restriction in hypertension as such 
was F. M. Allen.‘ He had already pioneered in 
diabetes with the Allen diet and, when insulin 
came along, undertook the study of hyperten- 
sion. Perhaps fortunately, his first patient was 
his mother-in-law; he blandly disregarded the 
good lady’s comments as to the palatability of 
his diet and steadfastly pursued its effects on her 
blood pressure. Subsequent studies provided 
him with a substantial mass of data demonstrat- 
ing that many patients would respond to such 
diets by a fall in blood pressure. Volhard, 
about 10 years later, threw the weight of his 
authority in favor of this practice in what he 
called ‘‘red’’ hypertension. However, patients 
still did not like the diet and systematic observa- 
tions of blood pressure by clinicians were much 
more uncommon than they are now. In brief, 
the doctrine did not spread and little progress 
was made along this line until 1945. At this 
time Grollman and his associates produced a 
convincing demonstration of the antihyperten- 
sive effects of diets containing very little sodium, 
prepared in part by the use of dialyzed milk. 
Levels of sodium intake were 0.5 gm. daily or 
less. As dialyzed milk products became com- 
mercially available other investigators were 
able to confirm these observations. Our ex- 
perience® was that “roughly one-fourth of pa- 
tients with severe essential hypertension react 
favorably to sodium restriction” at this very 
strict level. 

Demonstration of Association between Salt and 
Hypertension: Meanwhile, interest in possible 


* From the Department of Clinical Investigation, St. Vincent Charity Hospital, Cleveland, Ohio. 
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associations of salt and hypertension had been 
stimulated by Selye’s demonstration that rats 
given desoxycorticosterone and salt did not be- 
come edematous, but that hypertension and 
hypertensive vascular disease did develop. It 
would be impossible to summarize the many 
important and relevant experimental studies; 
some of them have been reviewed in this seminar. 
Noteworthy, however, were studies showing that 
hypertension could be produced by cortisone or 
hydrocortisone independently of salt excess; 
that a sufficiently high sodium intake could 
provoke hypertension without provision of a 
salt-retaining steroid; that excess salt, especially 
when associated with hormonal treatment, as 
with DCA, enhanced the pressor, diuretic and 
proteinuric effects of renin and of angiotensin, 
and that animals made hypertensive with salt 
and DCA (or cortisone or hydrocortisone) and 
given renin or angiotensin’ often developed an 
*“‘eclampsia-like state’ with severe hypertension, 
oliguria and edema. A like condition appeared 
“spontaneously” in a minority of animals kept 
for long periods on diets providing only an 
excess of salt. Lastly, a long series of observa- 
tions, greatly enhanced by the development of 
the “‘sodium” electrode, has enabled the Fried- 
mans to show that fleeting shifts of Na and K 
into and out of cells, presumably vascular 
muscle, are associated with the regulation of 
responsiveness to agents affecting blood pressure 
level. 

Clinical investigators sometimes tried to link 
together the phenomenon of DCA-salt hyper- 
tension with responsiveness to salt restriction, 
but were unable to show convincing clinical 
evidence of a “mineralocorticoid’” excess in 
these patients. Perhaps some of this evidence is 


coming out now in the publications of Laragh, 


Genest* and others demonstrating that some 
subjects with malignant hypertension excrete 
excess of aldosterone in urine and that some of 
these show what seems to be a functional 
aldosteronism, characterizable in part by higher 
carbon dioxide levels. Parenthetically, Frances 
Selye reported in 1949 that hypertensives with 
high levels of CO responded favorably to ad- 
ministration of large doses of an ammonium 
chloride. Curiously, this observation was not 
pursued much further, and seems only now to 
be coming in its own with the thiazide diuretics. 

Rice Diet: To go back again, one of the largest 
influences stimulating study of low sodium diets 
was Kempner’s messianic fervor for the “rice 
diet.”” As time went on less and less was said 


about the assumed specific metabolic effects of 
rice protein on altered renal metabolism and 
the diet was applied semiempirically as an 
antihypertensive regimen. Our experience and 
that of others showed that when it had an anti- 
hypertensive effect, this depended on its very 
low sodium content and the fact that the diet 
scheme gave the patient no leeway for error in 
his selection of foods. Patients who responded 
to the rice diet and adhered to it for sufficient 
periods of time, responded just as well to diets 
richer in calories and protein as long as the 
level of sodium restriction was maintained and 
usually tolerated these better. 


PRESENT STUDIES OF SODIUM RESTRICTION 
OR DEPLETION 


In brief, up to about 1951, a low sodium diet 
or sympathectomy or both was about all one 
could offer a patient with severe hypertension 
and both were about 20 to 30 per cent effective. 
Naturally, the advent of the drugs such as hexa- 
methonium and hydralazine diminished interest 
in both procedures. There seemed to be more 
to be gained by using these effectively than by 
constantly checking patients’ urine to police 
their dietary control or persuading them to 
undergo extensive operations with uncertain 
results. So, as happened at least twice before 
in 50 years, low sodium diet therapy of hyper- 
tension was neglected, although there was a 
better recognition of the need for such restriction 
in patients with congestive heart failure. 

Thiazide Derivatives: ‘Thus the situation re- 
mained until the advent of chlorothiazide and 
its subsequent spawning of a varied swarm of 
*“‘saluretic’ agents with similar basic structure 
and like effects, differing only in the size of 
effective doses, relative duration of effects and 
tendencies to cause hypokalemia. These were 
first found to be effective in enhancing the anti- 
hypertensive effects of ganglion blockers, such 
as hexamethonium;® low sodium diets had 
previously been shown to have this effect and 
also to enhance the effects of sympathectomy; 
similarly, the thiazides reduced pressures of 
patients who had not responded well to sym- 
pathectomy alone. They also enhanced the 
effect of other neurotropic drugs, notably re- 
serpine and its congeners. Lastly, a minority of 
patients with hypertension responded to thia- 
zides alone, usually better in the presence oi 
moderate salt restriction. The proportion 
showing such responses is about the proportion 
who would respond to strict low sodium diets 
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and it is likely, but, as far as I know, not proved, 
that patients who respond to the one will re- 
spond to the other, assuming in both cases 
equivalent levels of sodium depletion either by 
restriction or urinary loss. 

Since Freis, Conway and others in this sem- 
inar have developed concepts of the mechanism 
of these responses, I shall not add to the level 
of this information except to suggest that our 
concept of mechanism of action implies that 
patients who respond to salt depletion alone are 
presumably those who find it difficult to enhance 
their levels of basal vasomotor tone and cardiac 
output. However, the fact that this conference 
was Called and that the associations of salt and 
hypertension are still somewhat obscure, sug- 
gests to me that the association is not simple. 
The Friedmans have suggested that it may de- 
pend on cell surface and membrane changes 
which are, for most of us, immeasurable. After 
some 50 years of recurring discussion and experi- 
ence with the clinical phenomenon, we still do 
not have a firm grasp on its nature. 


SUMMARY 


Concepts, clinical and experimental, of the 
role of sodium in hypertension and hypertensive 
disease are briefly reviewed and the current 
place of thiazide drugs is noted. Except as Na 
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ion may somehow alter responsiveness of vessels 
by membrane effects, the ultimate nature of the 
associations remains obscure. 
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Effect of Chlorothiazide and 
Hydrochlorothiazide on Blood Pressure and 
Thyroid Activity of Hypertensive Rats’ 


MELVIN J. FREGLY, PH.D. 


Gainesville, Florida 


HLOROTHIAZIDE and _hydrochlorothiazide 

have become important tools in the clin- 
ical management of hypertension.' The suc- 
cess of these drugs appears to have discouraged 
investigators from testing their effectiveness in 
preventing experimentally-induced _hyper- 
tension. Hence, it seemed worth while to per- 
form such experiments and, in addition, to 
test the effect of these drugs on functional 
activity of the thyroid gland, as assessed by up- 
take and release of radioactive iodide and by 
thyroid gland size. It seemed important to test 
thyroid function under these conditions be- 
cause earlier studies had demonstrated that 
reduction of thyroid activity prevents develop- 
ment of renal hypertension.” 

The spirolactone, SC-8109, was also tested 
in these experiments since it appears to block 
the action of aldosterone at the kidney tubule 
level, thereby increasing urinary loss of sodium.‘ 
The evidence suggesting that aldosterone may 
play an important role in the development of 


hypertension in animals and human subjects 


made these studies particularly pertinent.*:® 


METHODs AND RESULTS 


Three separate experiments using male rats of the 
Holtzman strain were performed. All rats were kept 
two or three per cage in a windowless room main- 
tained at 26 + 1°c. and illuminated from 8 a.m. to 
6 P.M. The rats were given tap water to drink and 
ground Purina chow to eat ad libitum. Drugs were 
generally administered by mixing them into food. 
Hypertension was induced by latex encapsulation 
of both kidneys using the method of Abrams and 
Sobin.? Blood pressures were measured by the 
microphonic manometer technic, but without anes- 
thesia.® 


EXPERIMENT 1. EFFECT OF INJECTIONS OF CHLO- 
ROTHIAZIDE AND THE SPIROLACTONE, Ssc-8109 
ON DEVELOPMENT OF RENAL HYPERTENSION 


Five groups of five rats were used. All rats had 
their kidneys encapsulated. The first group received 
no treatment; the second and third groups were 
given chlorothiazide, 75 and 150 mg. per kg. per 
day, respectively, by intraperitoneal injection. The 
fourth and fifth groups were given SC-8109, 20 
and 40 mg. per kg. per day, respectively, dissolved in 
propylene glycol, by subcutaneous injection. Drug 
administration began 2 days after the kidneys were 
encapsulated and continued through the twelfth 
week of the experiment, when treatment ceased. The 
experiment continued for 2 weeks after treatments 
ended. Systolic blood pressure and body weight 
were measured weekly throughout the experiment. 


Results: Both dose levels of chlorothiazide 
were partially effective in reducing blood pres- 
sure although neither dose level lowered blood 
pressure to pre-kidney encapsulation control 
level (Fig. 1A). SC-8109 was relatively in- 
effective (Fig. 1B). Greater benefit appeared 
to derive from the lower dosage level than from 
the higher. When drug treatment ended, ‘blood 
pressures of all four treated groups rose 10 to 
18 mm. Hg, depending upon the drug treat- 
ment. This suggests that all treatments were 
effective to some degree. 

Body weight gain of the rats treated with 
chlorothiazide was greater than that of con- 
trol rats (Fig. 2A). Weight gain of rats treated 
with the higher dose of SC-8109 was con- 
siderably greater than that of control subjects 
(Fig. 2B). The lower dose of SC-8109 (20 mg. 
per kg.) had no apparent effect on growth rate. 


* From the Department of Physiology, University of Florida, College of Medicine, Gainesville, Florida. Supported 


by a grant from The American Heart Association. 
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SYSTOLIC BLOOD PRESSURE (mmlg) 


SYSTOLIC BLOOD PRESSURE (mmlg) 


6 
WEEKS 


Fic. 1. A, the effect of chlorothiazide injected at dose 
levels of 75 mg. per kg. (O) and 150 mg. per kg. (X) 
- on development of systolic blood pressure of kidney- 
encapsulated rats. B, the effect of the spirolactone SC- 
8109 injected at dose levels of 20 mg. per kg. (O) and 
40 mg. per kg. (X). Systolic blood pressures of kidney- 
encapsulated, control rats (@) are also shown. +1 
standard error is set off ateach mean. Drug administra- 
tion began immediately after kidney encapsulation and 
ended on the twelfth week of the experiment. 


EXPERIMENT 2. EFFECT OF CHLOROTHIAZIDE 
AND HYDROCHLOROTHIAZIDE IN DIET ON DE- 
VELOPMENT OF RENAL HYPERTENSION 


Four groups of 5 rats were used. Alli rats had their 
kidneys encapsulated. The first group received no 
treatment. The second and third groups received 
chlorothiazide at a dose level of 0.19 and 0.38 per 
cent by weight mixed thoroughly into the diet. The 
fourth group received hydrochlorothiazide at a dose 
level of 0.04 per cent by weight also mixed into the 
diet. Drug administration began on the second day 
after kidney encapsulation. Systolic blood pressure 
and body weight were measured weekly. During 
weeks 9 and 17, all rats were injected with 2 uc. of 
carrier-free radioactive iodide (NalI™!) intraperi- 
toneally. Urine was collected under light mineral 
oil during the first and second 24 hour periods after 
injection of radioactive iodide. During weeks 9 and 
17 uptake and release rate of thyroidal radioactivity 
were measured by holding the neck of each rat over 
a scintillation detector and counting activity for 1 
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WEIGHT (Gms) 
A 


BODY WEIGHT (Gms) 


WEEKS 


Fic. 2. A, the effect of chlorothiazide injected at dose 
levels of 75 mg. per kg. (O) and 150 mg. per kg. (X) 
on mean body weight of kidney-encapsulated rats. B, 
the effect of the spirolactone SC-8109 injected at dose 
levels of 20 mg. per kg. (M) and 40 mg. per kg. (O). 
Mean body weights of untreated control rats (@) are 
also shown. 


minute. Successive counts were made until there 
was agreement between counts of 5 per cent or less. 
Urinary radioactivity was measured by counting 1 
ml. aliquots of the urine of each rat in a well-type 
scintillation detector. All counts were corrected for 
radioactive decay of the isotope. 


Blood Pressure: Both chlorothiazide and hydro- 
chlorothiazide prevented the rise of blood 
pressure to hypertensive levels (Fig. 3A) al- 
though blood pressures rose approximately 25 
mm. Hg above pre-encapsulation level. The 
blood pressure levels of the treated rats were 
more erratic than those of control rats both in the 
first and second experiments. No explanation 
can be advanced for this. All drug treatments. 
appeared to benefit weight gain (Fig. 3B). 
Rats treated with the higher dose level of 
chlorothiazide lost weight during weeks 13 
and 14. We have no explanation for this. 

Thyroid Gland Activity: Uptake and release of 
radioactive iodide from the thyroid gland of 
treated rats during week 9 did not differ sig- 
nificantly from control levels. Radioiodide up- 
take 20 hours after administration of the isotope 
varied from 12.5 to 14.0 per cent of the in- 
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140+ 


800Y WEIGHT (Gms) 
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Fic. 3. A, the effect of administration in food of chloro- 
thiazide at dose levels of 0.19 per cent (O) and 0.38 per 
cent (X) and hydrochlorothiazide (0.04 per cent, A) 
on systolic blood pressure of kidney-encapsulated rats. 
B, the effect of administration in food of chlorothiazide 
at two dose levels, 0.19 per cent (O) and 0.38 per cent 
(X), and hydrochlorothiazide in one dose level, 0.04 
per cent (A) on mean body weight of kidney-encap- 
sulated rats. Mean body weights of kidney-encapsulated 
controls (@) are also shown. +1 standard error is set 
at each mean. Drug administration began immediately 
after kidney encapsulation. 


jected dose for the four groups of rats. In all 
cases 50 per cent of the 20 hour uptake was lost 
approximately 5 days after isotope administra- 
tion. 
uptake or release rate, the data are not given. 

Rate of release of radioactive iodide from the 
thyroid gland during week 17 was increased 
by drug treatment (Fig. 4, experiment 2). 
Fifty per cent of the dose contained by the 
thyroid gland at 20 hours after injection was lost 
in 5.1 days for control rats, 3.7 and 3.2 days for 
rats treated with chlorothiazide, 0.19 and 0.38 
per cent, respectively, while hydrochlorothi- 
azide-treated rats lost 50 per cent in 2.8 days. 
The maximal (20 hour) uptake was slightly 
greater for 0.19 per cent chlorothiazide- 
treated rats (14.0 per cent injected dose) than 
for the other three groups. Uptakes were 11.7 
per cent for 0.38 per cent chlorothiazide- 
treated rats, 11.1 per cent for hydrochloro- 
thiazide-treated and 11.7 per cent for con- 


Since there was no difference in either 


EXPERIMENT 2 


8 8388s 


8 


RADIOACTIVITY OF THYROID GLAND (% OF 20 HOUR UPTAKE) 
$3888 


b 


4 5SO 70 8 9 10 
HOURS 


Fic. 4. The effect of chlorothiazide at two dose levels, 
0.19 per cent (O) and 0.38 per cent (X), and hydro- 
chlorothiazide in one dose level, 0.04 per cent (A), on 
rate of release of radioactive iodide from the thyroid 
gland of rats. Similar data for control rats (@) are also 
given. Upper part of figure gives data for rats of experi- 
ment 2 while lower part of figure gives data for rats of 
experiment 3. See text for details. 


trol rats. Differences between uptakes of 
any of the treated groups and control group 
were not significant. 

Urinary loss of T*! was affected by dosage, 
drug and the time of its administration (Fig. 
5). Significant differences in I'*! excretion were 
observed only in rats treated for 17 weeks and 
only during the second 24 hours after injection. 
Urinary [* loss of chlorothiazide-(0.38 per 
cent) and hydrochlorothiazide-treated rats in- 
creased significantly (P < 0.05) above the level 
of untreated control rats (Fig. 5, lower part of 
figure). Total radioactivity excreted during 48 
hours after administration of radioactive iodide 
was significantly greater for hydrochloro- 
thiazide- and chlorothiazide-treated (0.19 per 
cent) rats than for untreated control- subjects. 
Apparently the increased rate of release of 
radioactivity from the thyroid gland is coupled 
with the greater excretion of I* in urine. 

Salt and Water Intake: Beginning week 15, 
for 10 days, daily spontaneous intake of water, 
0.15M. NaCl solution and food were measured 
for all rats. Each rat was kept in an individual 
cage during this experiment. All rat groups 
showed typical salt aversions in which more 
water than NaCl solution was ingested (Table 1). 
Both chlorothiazide (0.38 per cent) and hydro- 
chlorothiazide treatment decreased water in- 
take significantly below that of untreated con- 
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TABLE I 


Spontaneous NaCl Intake of Chlorothiazide- 
and Hydrochlorothiazide-Treated Kidney-Encapsulated Rats in Experiment 2 


Intake 
(ml. or gm./100 gm. body weight per day) 


Treatment 


0.15 M. NaCl 


Solution Food 


Water 


Control 

Chlorothiazidet 
(0.19%) 

Chlorothiazide 
(0.38%) 

Hydrochlorothiazide 
(0.04%) 


8.1+0.4t 


7.2+40.4t 


4+ 
+ 0.6 2+ 


4. 
4. 


0.1 
0.5 


* +1 standard error of mean. 


| Intakes measured for 10 days during week 15 of treatment. 
t Significantly (P < 0.01) different from encapsulated control rats. 


trol rats. Only the higher dose level of chloro- 
thiazide significantly reduced food intake. 
It is interesting that treatment with these drugs 
is not accompanied by an increased NaCl in- 
take. 

Organ Weights: At the end of the seventeenth 
week of the experiment all rats were sacrificed 
by ether inhalation. Heart, kidneys, testis, 
adrenals, thyroid, thymus, seminal vesicles 
and prostate were removed, blotted and 
weighed on a torsion balance. Thyroid gland 
and adrenal glands were fixed in 10 per cent 
formalin. Radioactivity of ‘the excised thy- 
roid gland was counted by placing the thyroid 
in a test tube in a scintillation detector. The 
results of this measurement calculated as per- 
centage of injected dose were as follows: 
control rats, 5.5 + 1.4 (S.E.); chlorothiazide 
(0.19 per cent), 4.6 + 0.3; chlorothiazide 
(0.38 per cent), 3.3 + 0.7 and hydrochloro- 
thiazide (0.04 per cent) 4.2 + 0.6. Although all 
treatments reduced the mean activity of 
thyroid gland below that of control group, 
variability from rat to rat within a treatment 
group was large. Hence, none of the treated 
groups differed significantly from the control. 

Table u, experiment 2, gives the results of 
measurements of organ weights of the rats. 
One hydrochlorothiazide-treated rat died dur- 
ing the fifteenth week of the experiment. 
Cause of death was undetermined. All drug 
treatments prevented hypertrophy of the heart, 
the degree of hypertrophy varying with the 
treatment. Heart weight to body weight ratio 
of chlorothiazide- (0.19 per cent) and hydro- 
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chlorothiazide-treated rats in this experiment 
was significantly (P < 0.01) less than that of 
untreated control rats. Kidney, testis, adrenal, 
thyroid, thymus, seminal vesicle and prostate 
weight ratios of treated rats were not different 
from that of control group. 
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URINARY EXCRETION OF RADIOACTIVE IODIDE (% OF INJECTED DOSE) 
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Fic. 5. The effect of chlorothiazide and hydrochloro- 
thiazide on urinary excretion of radioactive iodide. 
Measurements made at the end of the first 24 hour 
period following administration of radioactive iodide 
are shown in the upper portion of the figure. Measure- 
ments made at the end of the second 24 hour period are 
shown in the lower portion of the figure. Measure- 
ments were made after 9 weeks (bars with slant lines) 
and 17 weeks (stippled bars) of drug administration. 
Control-encapsulated rats received no drugs. Asterisks 
indicate that the difference between treated and controb 
means is significant (P < 0.05). 
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TABLE II 


Effect of Chlorothiazide and Hydrochlorothiazide on 
Organ Weight-Body Weight Ratio (mg./100 gm. body weight) of Rats in Experiments 2 and 3 


Organ Weight 
Mean 
Treatment No. of Body 
Rats | Weight Seminal 
Heart Kidney Testis Adrenal Thyroid Thymus ‘Vesicles Prostate 
Experiment 2 

Control 5 459 346.7 770.7 745.9 15.9 8.9 39.3 134.4 136.4 
+8.7* +18.7 +31.8 1.3 +0.9 3.2 5.5 +8.9 
Chlorothiazide 5 483 308 .1T 752.9 745.9 14.9 71> 38.9 132.1 125.1 
(0.19%) +6.5 #21 .2 23.9 +0.9 +0.4 +6.2 +8.0 +15.4 
Chlorothiazide 5 479 333.5 923.7 753.9 14.5 8.3 58.3 144.1 120.7 
(0.38%) +21.8 +67.0 +24.8 1.1 +0.6 +9.7 +20.4 +17.5 

Hydrochloro- 
thiazide 4 488 295.7T 697.8 740.5 15.7 7.0 38.7 125.4 121.3 
(0.04%) +11.9 +34.9 +58.5 +0.9 +0.5 5.7 +6.2 +10.9 

Experiment 3 

Control + 414 329.1 7A.$ 754.4 15.0 8.0 53.3 133.9 116.9 
+9.4 15.3 +17.8 +0.6 +0.7 6.7 +4.4 +18.6 
Chlorothiazide 3 430 318.9 777.4 741.3 14.7 8.4 56.2 136.1 127.6 
(0.19%) +9.8 17.3 +34.5 +0.5 +9.0 +8.2 +18.6 
Chlorothiazide 5 413 308.2 752.6 778.1 16.7 7.6 47.2 136.3 133.8 
(0.38%) +9.8 +36.4 +36.5 +3.0 +0.8 +6.8 +13.4 +17.8 

Hydrochloro- 
thiazide 5 430 297.5 791.1 724.1 12.3 6.3 62.2 139.1 119.5 
(0.04%) +14.9 +62.4 +22.9 +0.8 +0.5 9.5 +8.8 +11.0 


* +1 standard error of mean. 
t Significantly different (P < 0.01) from control. 


EXPERIMENT 3. EFFECT OF CHLOROTHIAZIDE 
AND HYDROCHLOROTHIAZIDE ON BLOOD PRESSURE 
OF ESTABLISHED HYPERTENSIVE RATS 


rats regained their lost weight and ended the 
experiment weighing more than control rats. 
Thyroid Activity: At the end of the sixteenth 
week of the experiment all rats were injected 
intraperitoneally with 2 yc. of radioactive 
iodide and radioactivity of thyroid gland 
counted as in the previous experiment. Urinary 
loss of I'*! was not measured. Results of this 
experiment are shown in Figure 4, as experi- 
ment 3 (lower part of figure). The results 
are nearly identical with those of experiment 2 
shown in the upper part of the figure. All 
treatments increased release rate of I*! from the 
thyroid gland. Fifty per cent of the dose of 


The rats used in this experiment had their kidneys 
encapsulated for 16 weeks prior to the experiment. 
The rats were randomly divided into four groups with 
five rats per group. After a 1 week control period 
group 1 received chlorothiazide (0.19 per cent in 
food); group 2 also received chlorothiazide (0.38 
per cent in food) while group 3 received hydrochloro- 
thiazide (0.04 per cent in food). The fourth group 
served as encapsulated control subjects for the other 
three groups. Body weight and blood pressure were 
measured weekly during the experiment. 


Blood Pressure: The results of the experiment 
are shown in Figure 6A. All drug treatments 
lowered blood pressure. The lowest pressures 
were reached 7 weeks after drug treatment be- 
gan. Thereafter, the tendency was toward an 
increase in blood pressure to levels near 160 
mm. Hg for both dose levels of chlorothiazide. 
The rats treated with hydrochlorothiazide 
maintained blood pressure level below 150 
mm. Hg after the seventh week of treatment. 

Growth: All drug treatments appeared to 
allow growth at a more rapid rate than that of 
controls (Fig. 6B). The groups receiving hy- 
drochlorothiazide and chlorothiazide (0.38 per 
cent) showed a loss in body weight during the 
first 2 weeks of treatment. Thereafter, these 


radioactivity contained by the thyroid gland at 
20 hours after injection was lost in 7.1: days 
for control rats, 4.0 and 3.1 days for chloro- 
thiazide, 0.19 and 0.38 per cent, respectively, 
while hydrochlorothiazide-treated rats lost 50 
per cent in 3.7 days. The maximal (20 hour) 
uptake was 16.1, 13.4, 12.6 and 11.5 per cent 
of injected dose for hydrochlorothiazide-, chlo- 
rothiazide- (0.19 per cent) control and chloro- 
thiazide-treated (0.38 per cent) groups, re- 
spectively. Uptakes of hydrochlorothiazide 
and chlorothiazide (0.19 per cent) groups were 
significantly greater than controls group (P < 
0.01). 

Organ Weights: Table u, experiment 3, 
gives the results of the measurements of organ 
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SYSTOLIC BLOOD PRESSURE (mmHg) 


Fic. 6.. A, the effect of administration in food of chloro- 
thiazide at two dose levels, 0.19 per cent (O) and 0.38 
per cent (X), and hydrochlorothiazide in one dose level, 
0.04 per cent (A), on systolic blood pressure of estab- 
lished hypertensive rats. Untreated, hypertensive rats 
(@) were used as controls. +1 standard error is set off 
at each mean. B, the effect of administration in food 
of chlorothiazide at two dose levels and hydrochloro- 
thiazide in one dose level on mean body weight. Mean 
body weights of control rats are shown for comparison. 


weights of all rats sacrificed at the end of the 
experiment. The same organs were removed as 
described in the previous experiment. Although 
all treatments tended to reduce heart weight 
to body weight ratio, differences from control 
were not statistically significant. Kidney, 
testis, adrenal, thyroid, thymus, seminal ves- 
icle and prostate weight ratios of all treated 
groups were not different from control. 
Statistical analyses were performed using 
the “t’? test for the 95 per cent confidence 
limit. 


COMMENTS 


CHLOROTHIAZIDE AND HYDROCHLOROTHIAZIDE 


Administration of chlorothiazide and hy- 
drochlorothiazide to rats with latex-encapsulated 
kidneys prevented rise of blood pressure to the 
level of untreated controls. However, all drug 
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treatments failed to prevent a modest rise 
(20 mm. Hg) in systolic pressure above pre- 
encapsulation level (Fig. 3A). This response 
suggests that chlorothiazide and hydrochloro- 
thiazide prevent manifestation of a secondary 
mechanism responsible for elevation of blood 
pressure to very high levels. The primary 
mechanism elevating blood pressue to the 
threshold level of hypertension (160 mm. Hg) 
seems generally to be uninfluenced by these 
drugs. 

Administration of the drugs in food appeared 
to be more effective than intraperitoneal in- 
jection. The drug was mixed into food (in 
the second and third experiments) at a level 
calculated to result in the same daily drug dose 
as injected into animals of the first experiment. 
It may be that mixing the drug into food results 
in a more constant level of drugs in blood than 
intraperitoneal injection. 

Body weight of kidney-encapsulated rats 
given chlorothiazide increases at a _ greater 
rate than that of untreated control rats (Figs. 
2A and 3B). This increase in growth rate 
cannot be accounted for by increased food 
intake (Table 1). A reason for the more rapid 
increase in body weight of treated rats than of 
controls remains speculative. 

Chlorothiazide and hydrochlorothiazide were 
also effective in lowering the blood pressure of 
rats with established hypertension (Fig. 6A). 
Hydrochlorothiazide appeared to be somewhat 
more effective than either dose of chlorothiazide 
in that the former drug reduced blood pressure 
but allowed it to rise again to levels of 155 to 
160 mm. Hg. The gradual rise in blood pres- 
sure may again reflect the fact that the basic 
mechanism responsible for the initial elevation 
of blood pressure is not affected by these drugs. 

Another aspect of the syndrome of hyper- 
tension was influenced by treatment with 
chlorothiazide and hydrochlorothiazide. Au- 
topsy of the rats after 16 weeks of treatment 
revealed that hypertrophy of the heart was 
prevented if treatment began at the time of 
kidney encapsulation (Table 1, experiment 2). 
Hypertrophy of the heart was reduced if treat- 
ment began 16 weeks after kidneys were en- 
capsulated and continued for 16 additional 
weeks (Table , experiment 3). These drugs 
failed to influence other organ weights. Snair 
and Lu!® reported that chlorothiazide, admin- 
istered in food at levels of 0.6 and 1.2 per cent, 
increased testicular weight in relation to body 
weight but decreased prostate and seminal 
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vesicle weight. At the lower doses of chloro- 
thiazide used in this experiment (0.19 and 
0.38 per cent) no effect was observed on testis, 
prostate or seminal vesicles. 

It is of interest that the spontaneous NaCl 
aversion characteristic of renal hypertensive 
rats was not influenced by administration of 
either chlorothiazide or hydrochlorothiazide 
(Table 1). Although these drugs influence 
sodium and chloride loss, they apparently do 
not simultaneously stimulate NaCl intake. 

Thyroid Gland Activity: Chlorothiazide and 
hydrochlorothiazide were observed to influence 
activity of the thyroid gland. These drugs 
increased rate of release of thyroid hormone 
although thyroid gland weight was not af- 
fected. Measurement of urinary excretion of 
radioactive iodide during the first and second 
day after isotope administration suggests that 
the increased thyroid activity is associated 
with increased urinary iodide loss (Fig. 5). 
A recent study by Kagawa and Van Arman" 
shows that both urinary bromide and chloride 
losses increase when chlorothiazide is admin- 
istered to rats. Perhaps the chlorothiazide- 
induced chloruresis is accompanied by an 
iodouresis just as was the case with bromide. 
It was suggested earlier by Berson and Yalow” 
that iodouresis accompanies chloruresis. This 
suggestion was made to explain the results of 
their studies on the interrelationships among 
thyroid, adrenal cortex and kidneys. In nine 
of twelve euthyroid patients treated with chloro- 
thiazide for periods ranging from 5 to 40 days, 
Nodine™ observed a decrease in thyroidal up- 
take and in renal clearance of radioactive 
iodide. Since thyroidal I*' clearance rate was 
depressed to a greater extent than renal clear- 
ance rate the net result was an iodouresis. 
Schteingart and Perlmutter’ reported that 
acute administration of hydrochlorothiazide 
to clinically euthyroid patients had no effect 
on 24 hour thyroidal uptake of I'*!, protein 
bound iodide level or urinary excretion of 
The .results with rats suggest that the 
duration of treatment with these drugs may be 
the important variable. Increased thyroid 
activity appears to manifest itself somewhere 
between 9 and 16 weeks of treatment (Fig. 5). 
The acute studies in human subjects might not, 
therefore, show the same effects. In this regard, 
it is tempting to suggest that the rise in blood 
pressure noted about this time (9 weeks; 
Figs. 3A and 6A) is associated with increased 
thyroidal activity. 


SPIROLACTONE, Sc-8109 


Hypertension can be induced experimentally 
by administration of aldosterone at a high dose 
level for a short period of time,!® or at lower 
doses for longer periods of time.® Other evi- 
dence suggests that aldosterone may play a role 
in human essential hypertension since increased 
urinary excretion of aldosterone has been ob- 
served.® It has been shown that another aldos- 
terone antagonist, SC-5233, with propertie: 
similar to SC-8109, prevents development of 
metacorticoid and adrenal-regeneration hy- 
pertensions.'*!7 In the experiments reported 
here, the spirolactone, SC-8109, had only slight 
effect on the development of renal hypertension. 
The drug was administered subcutaneously 
daily, using propylene glycol as the vehicle. 
Chlorothiazide, injected intraperitoneally, ap- 
peared to produce less erratic effects on blood 
pressure (Fig. 1) and to lower it somewhat 
more than SC-8109. We have no information 
to compare blood levels of SC-8109 with chloro- 
thiazide under these conditions.. In view of 
the fact that chlorothiazide and hydrochloro- 
thiazide were more effective when given by 
mouth than by injection, it is believed that 
firm conclusions about the effect of SC-8109 on 
development of renal hypertension cannot be 
made until other routes of administration are 
explored. 


MODE OF ACTION OF CHLOROTHIAZIDE 
AND HYDROCHLOROTHIAZIDE 


The depressor activity of chlorothiazide and 
hydrochlorothiazide on blood pressure is prob- 
ably not due to inhibition of carbonic anhydrase 
activity. Although the chemical structures of 
chlorothiazide and hydrochlorothiazide differ 
from acetazolamide, they have in common the 
sulfamyl (SOzNHz2) grouping. The compar- 
ative carbonic anhydrase inhibitory activities 
of acetazolamide, chlorothiazide and hydro- 
chlorothiazide have recently been determined 
and are 350, 1.3 and 0.14, respectively, when 
compared with sulfanilamide as the absolute 
standard with activity equal to unity.”° Chloro- 
thiazide and hydrochlorothiazide also differ 
from acetazolamide with respect to their effects 
on thyroid gland activity. Under the influence 
of the latter, metabolic rate and thyroid uptake 
of radioactive iodide decreased in rats while 
thyroid gland weight increased.'*% Presum- 
ably the depressor effect of acetazolamide on 
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thyroid gland is not due to the sulfamyl moiety 
per se since chlorothiazide and hydrochloro- 
thiazide, with the same chemical grouping, 
appear to increase thyroid activity. 

The mode of action of chlorothiazide and 
hydrochlorothiazide in reduction of blood pres- 
sure of hypertensive animals and man is not 
yet settled. In the early stage of treatment, 
reduction in cardiac output and plasma volume 
have been observed in human beings*' and 
probably account for the fall in pressure. 
In human subjects treated for much longer 
periods, these changes are not observed and 
peripheral resistance Experi- 
mentally, a decreased vascular responsiveness to 
injections of norepinephrine, epinephrine and 
isopropylnorepinephrine has been reported in 
dogs treated with chlorothiazide.” The in- 
terrelationship of the natriuretic and chlor- 
uretic activities of the drugs with the changes 
in vascular responsiveness, peripheral resistance 
and blood pressure remains speculative. 


SUMMARY 


Administration in the diet of the drugs 
chlorothiazide and hydrochlorothiazide to rats 
at the time their kidneys were bilaterally en- 
capsulated with latex envelopes prevented 
elevation of blood pressure to the level of un- 
treated, kidney-encapsulated controls. How- 
ever, treatment with either drug failed to pre- 
vent a rise in blood pressure of 10 to 20 mm. 
Hg above prekidney encapsulation level. Blood 
pressures of the treated group lay within the high 
range of normal or the lower range of hyper- 
tension. Drug treatment reduced or prevented 
cardiac hypertrophy if administered at the 
time kidneys were encapsulated. Weights of 
kidneys, adrenal, thyroid, thymus, seminal 
vesicles, prostate and testis were not affected 
by these drugs in the doses employed. How- 
ever, drug treatment increased release rate of 
radioactive iodide from the thyroid gland and 
also increased urinary excretion of radioactive 
iodide. The apparent thyroid hyperactivity 
may be coupled with the increased urinary 
iodide excretion. It is suggested that a time 
correlation exists between the increased thyroid 
activity and the blood pressure “‘escape” from 
drug influence noted 8 to 10 weeks after drug 
treatment begins. 

The spirolactone, SC-8109, administered sub- 
cutaneously, was effective to some extent in 
preventing blood pressure rise in kidney- 
encapsulated rats. 


DECEMBER.1961 


ACKNOWLEDGMENTS 


I thank Mrs. G. Hindman for technical assistance. 
Dr. John E. Baer of Merck, Sharp and Dohme 
kindly supplied chlorothiazide and hydrochlorothia- 
zide. Dr. John K. McGowan of G. D. Searle & Co. 
kindly supplied the drug SC-8109. 


REFERENCES 


1. Conway, J. and Lauwers, P. Hemodynamic and 
hypotensive efiects of long-term therapy with 
chlorothiazide. Circulation, 21: 21, 1960. 

2. Braun-MENENDEz, E. Tiroides e hipertension nefro- 
gena experimental. Rev. Soc. argent. biol., 30: 138, 
1954. 

3. Frecty, M. J. Effects of propylthiouracil on de- 
velopment and maintenance of renal hypertension 
in rats. Am. J. Physiol., 194: 149, 1958. 

4. McCrory, W. W. and Eservtemin, W.R. The nature 
of the sodium diuresis produced by an “‘aldosterone 
antagonist,” spirolactone. J. Clin. Invest., 37: 917, 
1958. 

5. A. G., Grunpy, H. M. and Ko rapicn, 
C. J. Studies on aldosterone. m. Chronic ef- 
fect on the blood pressure of rats. Canad. J. 
Biochem. & Physiol., 38: 43, 1960. 

6. Genest, J., Koriv, E., Nowaczynsky, W. and 
LesogeaF, G. Further studies on urinary aldos- 
terone in human arterial hypertension. Proc. 
Soc. Exper. Biol. @ Med., 97: 676, 1958. 

7. Aprams, M. and Sosin, S. Latex rubber capsule 
for producing hypertension by perinephritis. 
Proc. Soc. Exper. Biol. @ Med., 64: 412, 1947. 

_8. Frrepman, M. and Freep, S. C. Microphonic 
manometer for indirect determination of systolic 
blood pressure in the rat. Proc. Soc. Exper. Biol. @ 
Med., 70: 670, 1949. 

9. Fisner, R. A. Statistical Methods For Research 
Workers, ed. 10, p. 114. New York, 1948. 
Hafner. 

10. Snatr, D. W. and Lu, F. C. The effect of chloro- 
thiazide on some sex organs in rats. Toxicol. @ 
Appl. Pharmacol., 1: 147, 1959. 

11. Kacawa, C. M. and Van Arman, C. G. Bromide 
and chloride excretion with diuretic agents in 
animals. J. Pharmacol. & Exper. Therap., 129: 
343, 1960. 

12. Berson, S. A. and Yatow, R. S_- The effect of 
cortisone on the iodine accumulating function of 
the thyroid gland in euthyroid subjects. J. Clin. 
Endocrinol., 12: 407, 1952. 

13. Nopine, J. H.: In: Moyer, J. H. and Fuchs, M. 
Edema, p. 678. Philadelphia, 1959. W. B. 
Saunders Co. 

14. ScHTEINGART, D. E. and Pertmutrer, M. Effect 
of diuretics upon the serum protein bound iodine 
and the thyroidal uptake of radioactive iodine. 
Am. J. M. Sc., 239: 571, 1960. 

15. Gross, F., Loustatot, P. and Meter, R. Produc- 
tion of experimental hypertension by aldosterone. 
Acta endocrinol., 26: 417, 1957. 

16. Sturtevant, F. M. Anti-hypertensive effects of an 
aldosterone antagonist. Science, 127: 1393, 1958. 

17. SrurTEvANT, F.M. Prevention of adrenal-regenera- 
tion hypertension by an _ aldosterone-blocker. 
Endocrinology, 64: 299, 1959. 

18. Tenney, S. M. and Tscuetrer, N. Decrease in 


{ 
| 
x 
bids 
ong 
| tig 
| 
4 
4 


898 Fregly 


oxygen consumption associated with prolonged 
administration of the carbonic anhydrase in- 
hibitor, acetazolamide (Diamox). Am. J. M. Sc., 
237: 23, 1959. 

19. Kriecer, D. T., Moses, A., ZirFer, H., GABRILOVE, 
J. L. and Sorrer, L. J. Effect of acetazoleamide 
on thyroid metabolism. Am. J. Physiol., 196: 
291, 1959. 

20. Maren, T. H., Parcetz, A. L. and Maui, M. N. 


A kinetic analysis of carbonic anhydrase inhibi- 
tion. J. Pharmacol. @ Exper. Therap., 130: 389, 
1960. 

21. Freis, E. D. Mechanism of the antihypertensive 
effects of diuretics. Clin. Pharmacol. & Therap., 1: 
337, 1960. 

22. Beavers, W. R. and Biacxmore, W. P. Effect of 
chlorothiazide on vascular reactivity. Proc. Soc. 
Exper. Biol. @ Med., 98: 133, 1958. 


THE AMERICAN JOURNAL OF CARDIOLOGY 


5 
Meg 
Gi 
My 
| 
rt ‘ 
ts f 
AN 
Ae 


A New Theory Concerning the Primary 


Stimulus in Renal Hypertension’ 


Howarp G. SWANN, PH.D. 


Galveston, Texas 


HE KIDNEY is naturally distended with fluids, 
fr as are many other erectile tissues in 
the body.’ I wish to describe some characteris- 
tics of this natural distention, to examine the 
relation of the distension to renal hypertension 
and to demonstrate some of the proof for our 
hypothesis that changes in distension comprise 
the fundamental hemodynamic disturbance 
responsible for renal hypertension. Finally, 
I wish to discuss briefly the relation of angio- 
tensin to salt secretion. 


CHARACTERISTICS OF RENAL FLump DISTENTION 


The kidney can be considered to be dy- 
namically inflated, in somewhat the way a bal- 
loon with a large leak may be dynamically in- 
flated. If the input of air into such a balloon 
is balanced, by the output through the leak, 
then the balloon is inflated to a certain static 
volume. The kidney is “inflated” in somewhat 
the same way. The blood pressure, of course, 
is the inflating force. If, then, the renal artery 
is abruptly clamped, the kidney “balloon” 
rapidly drains of some of its contained fluids. 
These fluids flow from the renal vein only; 
nothing comes out of the artery or the ureter. 
Drainage is rapid: in 15 minutes a volume equal 
to about 30 per cent of the kidney’s naturally 
distended volume flows out. At this time 
drainage is complete.? Other species show the 
same reaction.® 

Nature of Fluid Draining from Distended Kid- 
ney: The fluid that drains out comes exclusively 
from the renal vein, but this fluid is noi blood.*:5 
Its hematocrit, for example, is about half that 
of systemic blood, that is, of the blood entering 
or leaving the kidney. Its plasma protein con- 
centration, similarly, is different from that of 
blood plasma, for it contains only about 60 per 
cent of the protein present in systemic blood 


plasma. These facts, and others, have led 
to the theory that the fluid draining from the 
kidney is actually a mixture of two fluids, blood 
and a red cell-free fluid. It is the presence of 
the latter which is responsible for a low hemato- 
crit in the draining fluid. Furthermore, the 
latter must contain some protein, since the dilu- 
tion of red cells in the fluids which drain is 
greater than the dilution of plasma proteins. 

Another illuminating experiment is to measure 
the red cell and protein concentrations of suc- 
cessive samples of the fluid as it drains from 
the naturally distended kidney.‘ Table 1 shows 
this experiment. In the successive samples, 
the red cell concentration, i.e. the hematocrit, 
slowly decreases until the final sample has only 
6 per cent red cells in it. However, the plasma 
protein concentration approaches an asymp- 
tote of about 3 gm. per cent plasma protein. 
This experiment also indicates, therefore, that 
the fluid mixing with blood to make the com- 
posite distending fluid has in it no red cells, 
but it does have a finite quantity of plasma 
protein. 

Peritubular Circulation of the Kidney- Morpho- 
logic Data: These experiments suggested the 
following theory concerning the peritubular 
circulation of the kidney.' (The theory is 
illustrated in Figure 1.) We postulate that 
whole blood flows through an endothelium- 
lined, vascular bed in the peritubular region. 
However, the plasma of whole blood is thought 
to escape freely this particular endothelium, 
penetrating into a relatively large interstitial 
space lying between the tubules. The escaped 
plasma is admixed in this region with a large 
volume of resorbate which is in transit toward 
the blood stream. It is the presence of resor- 
bate in the interstitial space which, when it 
mixes with leaked plasma, dilutes the plasma 


* From the Department of Physiology, University of Texas Medical Branch, Galveston, Texas. Supported by a 


grant from the Life Insurance Medical Research Fund. 
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TABLE I 
Serial Samples of Fluids Draining from the Kidney 


Kidney Fluid 
deittel (successive 3 ml. samples) 
Measurement Blood 


2* 3 4 5 6 7 


Hematocrt (%) 41.0 | 39.0 | 20.0 | 14.0} 9.0]; 8.0] 6.0 


Plasma protein 
(gm. %) 5.3 *.6 4 3.1 3.2.1 2-8 


* The first sample to drain, being contaminated with heparin, was 


not analyzed. 


proteins. The theory presumes that the peri- 
tubular endothelium is exceedingly permeable 
to plasma proteins. The leaked plasma and 
the resorbate, it is assumed, rapidly re-enter the 
endothelium of the vascular bed when the kidney 
is being drained, thus diluting the whole blood 
contained in the vascular compartment. The 
intravascular blood, then, flows out of the kidney 
admixed with interstitial fluid. 

The theory postulates that the peritubular 
capillary bed is exceedingly permeable to the 
plasma proteins. There is good morphologic 
evidence for this from electron microscopy. 
Pease’. reports that the peritubular capillary 
endothelium is penetrated by numerous large 
pores, some 400 to 500 A in diameter. The 
wall looks, in Pease’s photomicrographs, some- 
what like a colander. It is this wall that holds 
back red cells but allows very free penetration 
of plasma proteins. Not only do they freely 
escape into the interstitial compartment but 
also, of course, they freely re-enter the vascular 


TUBULAR CELLS 34 


TUBULAR LUMINA 15 


INTERSTITIAL SPACE 34 


‘ae 
) ~~=—— INTRAVASCULAR SPACE 17 


Fic. 1. In this schema of the peritubular circulation the 
volumes of the different portions of the functional kidney 
are indicated. The parenchymatous cells are thought 
to comprise only 34 per cent of the functional organ. 
The rest of the volume is made up of fluids in transit for 
processing. 


TABLE 11* 
Volumes of Transit Fluids and Cells in the Functional 
Kidney 
Transit Fluid and Cells Volumes (ml. %) 
Intraendothelial blood 17.3 
Red cells 6.9 
Plasma 10.4 
Interstitial fluid 33.4 
Plasma 10.8 
Resorbate 22.6 
Nephron luminal urine 15.0 
Renal cells 34.3 


* Reproduced by permission of the Editor, Texas Reports on Biology 
and Medicine. 
bed when the distending pressure of the kidney, 
i.e. the blood pressure, is removed. 

Pappenheimer and Kinter® postulated that 
red cells and plasma are somehow separated as 
the blood flows through the kidney. With this 
general theory we are in agreement. Plasma—a 
portion of it—apparently does circulate in 
different channels from the red cells. How- 
ever, our theory differs from theirs with respect 
to mechanisms of separation of cells and plasma. 
The plasma, in our view, is separated from whole 
blood only in the peritubular capillary network 
and it is separated by the endothelial “‘colander” 
which is characteristic of the peritubular capil- 
laries. 

Volume of Interstitial Space in Kidney: The 
theory also postulates that there is a large in- 
terstitial space in the functional organ. We 
have guessed at its volume several times: our 
latest estimate, which includes the volume of 
transit fluids left behind in the kidney after 
drainage, is given in Table nu. The volume of 
the interstitial space is now thought to be about 
33 per cent of the functional organ. Usually, 
of course, we consider the kidney to be a compact 
organ, without much interstitial space. But 
when it is rapidly fixed for histologic examina- 
tion, without letting its contained fluids drain 
before fixation is complete, a very large intersti- 
tial space becomes apparent.'® Figure 2 shows 
a histologic section from a very rapidly-fixed 
mouse kidney: it was frozen virtually instan- 
taneously by pouring isopentane at —150°c. 
over it, the kidney being in situ and still func- 
tioning at the time. It will be noted that the 
interstitial space is large and that all the tubules 
are separated from each other by this space. 
Few red cells are noted in this subcapsular 
region; evidently not much blood was present 
in this section of the kidney, but most of the 
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Fic. 2. On the left is shown a section from a mouse kidney 
fixed virtually instantaneously by rapid freezing. A 
large intertubular space lies between all tubules, effec- 


tively separating each one from its neighbor. Thus, 
interstitial fluid flows freely around each tubule. On the 
right is shown what is postulated to take place in con- 
strictive perinephritis: the tubules are all so bunched 
together that a profuse flow of plasma around the perim- 
eter of the tubules is no longer possible. Figure repro- 
duced by permission of the Editor, Texas Reports on Biology 
and Medicine. 


intertubular space is taken up by the postulated 
interstitial space. The volume of this space 
was found to be about the same as that deduced 
from other data and shown in Table nu. In 
the functional kidneys, incidentally, as Figure 
2 shows, all tubules are widely dilated; they 
all have thin walls. 

Separation of Plasma and Whole Blood in Kidney— 
Dynamic Analysis: We have also obtained dy- 
namic evidence concerning the separation of 
plasma from the whole blood inside the kidney. 
Radioactive red cells and radioactive plasma 
albumin were slowly infused, at a constant rate, 
into the influent blood of kidneys in dogs. All 
the effluent blood was collected in serial samples. 
Recirculation of labeled materials was avoided, 
none of the radioactive blood being returned 
to the animal’s circulation. Exsanguination 
was prevented by transfusing the animals at 
the same rate that they were losing blood from 
the renal vein. The changes in concentration 
of tagged red cells and tagged albumin were 
then analyzed in the serial samples of venous 
blood. With this technic we may measure the 
penetration rates of labeled substances into the 
kidney. An experiment something like this 
was also done by Lilienfield, Rose and Porfido®; 
however, differences in their method gave results 
somewhat different from those reported here. 

The changes in concentration of radioactivity 
due to the labeled red cells and albumin in the 
effluent blood are shown for one dog in Figure 3. 
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Fic. 3. Labeled red cells (dots) reached an equilibrium 
concentration in venous blood much faster than labeled 
albumin (crosses). The two formulas express the rates 
of penetration of red cells and albumin. The numerical 
portion of the exponentials actually represents the frac- 
tion of a given compartment’s volume which is pene- 
trated by label per second: thus, 24 per cent of the vas- 
cular (?) compartment’s volume is penetrated by radio- 
albumin per second but only 2.8 per cent of the inter- 
stitial (?) compartment’s volume is penetrated by radio- 
albumin in like time. Figure reproduced by permission 
of the Editor, Texas Reports on Biology and Medicine. 


It is evident that in this experiment the labeled 
red cells reached an equilibrium concentration 
in about 20 seconds, whereas labeled albumin 
reached equilibrium in only about 80 seconds. 
Using modern methods for analyzing these rates 
of penetration, it was found for a group of six 
dogs that the radioactive red cells penetrated 
only one compartment, the half-time for pene- 
tration being about 3 seconds. However, the 
radioactive albumin penetrated two compart- 
ments: the one rapidly, with a half-time of 3 
seconds, and a second more slowly, with a half- 
time of about 38 seconds. These data indicate 
that red cells and part of the plasma’ (i.e. 
albumin) flow together through a commonly 
shared compartment. This is presumed to be 
the intraendothelial vascular compartment. 
However, plasma also flows in a second com- 
partment, into which red cells do not penetrate, 
and it flows through this compartment more 
slowly than it flows through the “rapid’’ com- 
partment. It is this second compartment which 
is thought to be the interstitial compartment. 
All of the data, in summary, are harmonious: 
the nature of the fluids draining from the dis- 
tended kidney, all of the morphologic data, and 
finally this dynamic analysis clearly indicated 
that there is present, in the functionally dis- 
tended kidney, an extra-endothelial circulation of 
plasma. This is thought to be the explanation 
for the low ‘‘organ hematocrit” of the kidney: 
it has long been known that the organ contains 
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Fic. 4. Following constrictive perinephritis the blood pressure rises to malignant 


levels in 1 to 2 days. The mean blood pressure is shown for a group of twelve 


dogs. Individual daily records are shown for two dogs, lettered A and B. 


fewer red cells, relative to its plasma volume, 
than does arterial or venous blood.!® The liver 
and the intestine also have large pores in their 
capillaries," along with low functional organ 
hematocrits.’ The same factors in separating 
plasma are thought to be at work for these two 
organs. 


RELATION OF REDUCTION IN FUNCTIONAL 
DISTENTION OF KIDNEYS AND RENAL 
HYPERTENSION 


We have examined the effects of experimental 
reduction in the size of these compartments.” 
The technic of constrictive perinephritis was 
used, the method of Soskin and Saphir being 


employed. Collodion-soaked bandages were - 


wrapped around one kidney of dogs. The 
bandages were then allowed to dry and harden, 
leaving a stiff collodion cast around the 


this high level until death ensued. The animals 
died, on the average, in about a week. They 
showed most of the characteristics of the uremic 
syndrome in man, viz. increased venous pressure, 
pronounced edema, azotemia, anemia, poly- 
uria, hyposthenuria, isothenuria, convulsions 
and stupor, anorexia, vomiting, diarrhea, 
weight loss and an overwhelming cachexia. 
At postmortem examination, there was evident 
an extensive and extreme necrotizing arteriolitis 
in splanchnic viscera and heart, great pulmonary 
congestion and a fibrinous pericarditis. How- 
ever, perhaps the most striking finding was a 
negative one: these kidneys showed no pathologic 
changes. Here were animals dying of kidney 
failure, and yet their kidneys were entirely 


TABLE Ilr 
Distending Fluids in Normal and Perinephritic Dogs 


animal’s kidneys. The contralateral kidney 

was also removed. This in effect puts a tight, Average Volumes of Fluids 
constricting straight-jacket around the animal’s (ml./100 gm.)* 
kidneys. Also, because the contralateral kid- Dog 

ney was removed, the parenchyma of the re- Total Blood <a 
maining kidney grows rapidly in compensatory luid 
hypertrophy. Both the straight-jacketing effect 

and the growth into the incarcerating hull lead Normal 30.5 15.0 15.5 
to a strong constraint of the kidney. 1.2 


The manipulation causes malignant hyper- 
tension, as shown in Figure 4. Mean blood 
pressure in a group of twelve dogs rose to about 
160 mm. Hg within 48 hours. It remained at 


* The values presented are those which readily drain 
after the kidney is removed. They do not include the 
fluids which remain behind after drainage and hence 
are less than those presented in Table u. 
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normal to conventional histopathologic exami- 
nation. All of these phenomena were also ob- 
served by Goldblatt’® in 1938 in the malignant 
hypertension that follows strong constriction of 
dogs’ renal arteries. His animals also died in 
uremia and also they had no pathologic change 
in the kidneys. 

Nature of Kidney Leston—Reduction in Functional 
Distension: This lesion in this experiment, in 
our view, is a functional lesion only and it is 
not demonstrable, using Koletsky’s phrase, ‘“‘by 
conventional histologic technics.” The critical 
change, in our opinion, is a reduction in the 
functional distension of these kidneys and meas- 
urements of their distension confirmed the 
hypothesis. Table mi shows the observed dis- 
tending fluids in the kidneys of twenty-two 
uremic dogs, contrasted with those to be found 
in normal dogs. ‘Total distension is reduced to 
59 per cent of the normal dog’s distension; 
distension with blood is reduced to 68 per cent 
of the normal, and interstitial fluid distension 
is reduced to 46 per cent of normal. Figure 2 
shows an imaginary sketch of what we think 
happens. in these kidneys: the tubules instead 
of being widely spaced, each separate from its 
neighbor, are thought to be all crowded and 
bunched together, with many touching their 
neighbors. The blood flow, then, around the 
perimeter of each tubule would be very much 
reduced, and hence the tubular cells are not 
able efficiently to carry out their functions in 
transport and in absorption. It is a defect in 
functional morphology, then, that leads to the 
inflexible behavior of these kidneys in the uremic 
syndrome. Because of the sluggish flow of blood 
around the tubules, they can no longer carry out 
the exquisite rectifications of plasma which are 
characteristic of the normal kidney. In the 
present case, the defect was so severe that the 
animals died of renal failure in a week. 

We further postulate that this defect is the 
fundamental derangement in the hemodynamics 
of the kidney that stimulates the hypertensive 
response. There is not necessarily a reduction in 
total blood flow through the kidneys in the con- 
dition, that is, not necessarily ischemia (although 
this usually occurs). Rather, the critical change 
is thought to be a reduction in functional disten- 
sion of the kidney. To reiterate, this change 
may not necessarily be perceived while using 
conventional histologic methods. 

In the scarred, contracted kidney, which 
pathologists so frequently report to be ac- 
companied with hypertension, we think that 
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there is a sort of “internal straight-jacketing”’ of 
the kidney, to be contrasted with the external 
straight-jacketing which we have just described. 
Because of all the internal scarring in many 
kidneys, they cannot expand to their normal 
distended volume. In pyelonephritis, this lesion 
appears and these are the lesions which Meneeley 
and Koletsky earlier in this seminar have shown 
in the salt-treated hypertensive rats. To my 
way of thinking, in such rats these are late 
lesions, but the early lesion is not necessarily to 
be visualized by conventional methods. The 
relatively unconventional method of rapid fixa- 
tion might further elucidate its nature. In 
Koletsky’s opinion, which is shared by Groll- 
man,'® it is the renal lesion caused by these 
salt diets that leads to hypertension. The 
hypothesis is attractive. Why continual salt 
ingestion is so damaging to the renal paren- 
chyma remains unexplained. 

Renin-Angiotensin Mechanism: A change func- 
tionally similar to that caused by collodion 
bandaging is caused, it is our hypothesis, by 
Goldblatt clamps set on the renal arteries. 
They reduce the pressure distal to the clamp 
and hence the kidney “balloon”’ is not properly 
“inflated.” The stimulus to hypertension is 
fundamentally the same as that in perinephritis: 
a failure of natural distension. In compensa- 
tion, the kidney secretes renin and angiotensin is 
formed. The latter causes a rise in arterial 
pressure and thus a rise in the distending pres- 
sure beyond the clamp on the renal artery. 
Merrill, Williams and Harrison" also report, 
significantly, that angiotensin causes an increase 
inrenal volume. The renin-angiotensin mecha- 
nism, in our view, is the kidney’s own feed- 
back mechanism which preserves and sustains 
its natural distension. It is apparently com- 
bined with the other reactions, still so obscure 
in nature, that lead to permanent hyperten- 
sion. 

Tobian suggests that a lessened distension of 
the renal arterial bed is an adequate stimulus 
for renin secretion, the latter being derived from 
the granules of the juxtaglomerular apparatus. 
Modifying his hypothesis slightly, I would like 
to propose that it is the distension of the peri- 
tubular vascular bed and its associated inter- 
stitial space which controls the secretion of renin. 
Perhaps there is both a pressoreceptor and an 
‘effector’ endocrine gland in this circum- 
scribed region containing a segment of distal 
tubule, the macula densa, the juxtaglomerular 
apparatus and a segment of afferent arteriole. 


‘ 
An 
f 
gu" 
% 
ars 
ihe 
sie 
> 
‘ 
‘a 
<A 
pate 
‘ 
‘ an 
| 


904 Swann 


The receptor, by monitoring pressures, is 
designed to gauge changes in the volume of fluids 
which functionally distend the kidney. It then 
controls the secretions of the juxtaglomerular 
apparatus. 

Essential Hypertension: Glomerular inflamma- 
tion and nephrosclerosis presumably cause the 
same effects on renal hemodynamics, as do 
Goldblatt clamps, and affect the renal disten- 
sion in the same way. In essential hypertension, 
we suggest that the fundamental change is a 
premature loss in elasticity of the victim’s 
kidneys. We think it not unlikely that the 
elasticity of the kidneys is an inherited charac- 
teristic, just as is the elasticity of many tissues. 
Furthermore, in each of us, it is presumed, the 
process of aging in renal elasticity varies, just 
as aging in the arteries or skin or the lens varies. 
It is, perhaps, those who inherit a tendency to 
early loss of renal elasticity who fall victims to 
essential hypertension. Early in the disease, 
of course, the lesion cannot be recognized by 
conventional methods'*; but late in the disease, 
when internal scarring and contraction occur, 
the lesions become obvious; the scarring process 
aggravates the disease. 


RELATION OF ANGIOTENSIN TO SALT 
SECRETION 


I wish to discuss one aspect of the physiology 
of angiotensin which has not yet been mentioned 
in this seminar, and that is the relation of the 
hormone—I assume it is one—to salt and water 
metabolism. Angiotensin induces a prompt 
and vigorous natriuresis and diuresis. How- 
ever, it appears that there is considerable species 
variation in the reaction: it is clear-cut in 
the rat’® and in the rabbit?’ but it is weak or 
absent in the dog." In normal men, it causes 
not excretion but sodium and water reten- 
tion.” However, in some hypertensive-sub- 
jects it appears to cause natriuresis and diuresis.” 
In any event, let us consider it as primarily a salt- 
excreting hormone. Opposing it is the salt- 
retaining hormone, aldosterone. In our uremic 
dogs there was evidence of strong salt retention: 
they secreted, in the early stages of the fatal 
constrictive perinephritis, only one or two 
milliequivalents of Na per day, even though 
they were polyuric. But their kidneys were 
also presumably producing large amounts of 
renin, with resultant angiotensin formation and 
malignant hypertension. We may deduce, 
then, that their kidneys were probably receiving 
two conflicting messages, the one, aldosterone 


which usually causes salt retention, and the 
other, angiotensin which usually causes salt 
secretion. From the studies. of Masson and 
collaborators,” we know that the combination 
is disastrous to an animal: when angiotensin is 
injected after pretreatment with adrenocorti- 
costeroids, it causes a rapidly fatal, eclampsia- 
like condition, with much the same signs and 
symptoms we have observed in these uremic 
dogs: edema, convulsions, hypertension, azo- 
temia, vascular pathology and the like. It is 
the excess secretion of the two hormones which, 
it seems to me, was responsible for much of the 
symptomatology and for the eventual death of 
these dogs in uremia. 


SUMMARY 


The kidney is comparable with erectile 
tissue in the sense that it is distended with 
large volumes of fluids. The functional organ 
is estimated to be comprised of the following: 
cells, 34 ml. per 100 gm.; blood, 17 ml.; 
intratubular urine, 15 ml.; and _ interstitial 
fluid, 34 ml. The latter is thought to be com- 
posed of plasma, which freely penetrates the 
peritubular capillary endothelium, and of tubular 
resorbate, which is in transit from tubular 
lumina to the blood stream. Data are re- 
ported which support the hypothesis that 
reduction of this functional distension is the 
fundamental stimulus for renal hypertension 
and also for the inflexible behavior of the 
kidney in the uremic syndrome. The lesion 
may be functional only, as in experimental 
perinephritis, not to be visualized by conven- 
tional histologic technics. Reduction in dis- 
tension may be due to the scarring and con- 
traction so often observed in the various 
nephritides. The opposing actions on salt 
excretion of angiotensin and aldosterone are 
stressed, the former causing salt excretion and 
the latter salt retention. Excess secretion of 
both in a single animal, it may be postulated 
following Masson and others, apparently leads 
to the syndrome of malignant hypertension, 
uremia and death. 
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Panel Discussion 


Chairman: Dr. Arthur B. Otis 


DISCUSSION OF PAPERS BY DRS. RADFORD; FREGLY; FREIS; CONWAY AND LAUWERS; 
CORCORAN; FREGLY; AND SWANN 


WitHetm Raas (Burlington, Vt.): I would like 
to refer to the emphasis of Dr. Freis and Dr. Conway 
on the role of the time element in the apparent dis- 
crepancies regarding the effect of chlorothiazide on 
blood pressure with and without a reduction of the 
plasma volume. 

It has been demonstrated that the plasma volume is 
reduced at first and then returns to usual limits after 
a while; nevertheless, the blood pressure continues 
to fall and remains low. This phenomenon has a 
reversed analogue in the behavior of blood pressure 
and plasma volume under the influence of adminis- 
tered DCA. The plasma volume and the blood 
pressure rise during DCA administration. The 
plasma volume then returns to normal limits while 
blood pressure continues to rise and to stay elevated for 
some time. Thus, deviations of the blood pressure 
occur downward with chlorothiazide and upward 
with DCA in partial independence of changes of the 
plasma volume. 

Dr. Freis mentioned the work of Hollander who 
was unable to restore the depressed blood pressure 
of chlorothiazide-treated subjects with corticoids. 
This may have some relation to our own observation 
(Circulation, 6:373, 1952) that it was impossible 
for us to restore the basic blood pressure level as 
well as the response to infused catecholamines in 
persons who had been kept for a long period on a 
nearly salt-free diet. During that period of salt 
depletion, lowering of the blood pressure and diminu- 
tion of the catecholamine effects, administration of 
DCA remained ineffective apparently because DCA 
lacked the tool with which it works, namely, the 
sodium ions. I would suggest the possibility that 
chlorothiazide might interfere with the mineralocor- 
ticoid-induced sodium or water loading or both of 
the vascular cells. The normal, so-called permissive 
role of the corticoids rests in their ability to retain 
sodium in normal amounts in the vascular cells 
whereas intracellular sodium diminishes, once the 
corticoids are no longer available. ‘Thus, an inter- 
ference of chlorothiazide with corticoid regulated 
transmembrane sodium exchange action might seem 
a worthwhile working hypothesis. Another point 


which seems to me to be suggestive in this same direc- 
tion is the striking potentiation of the effectiveness 
of antiadrenergic medication by chlorothiazide. 

Dr. Fregly’s valuable results, I think, represent the 
first impressive studies concerning thyroid-induced 
effects on the vascular system. 

One more remark concerning Dr. Swann’s obser- 


vations. In Europe when I was a student and a 
young doctor, renal decapsulation was an accepted 
treatment for acute glomerulonephritis. The re- 
sults were not too good, but some cases responded very 
favorably. 

SypnEY FriepMAN (Vancouver, Canada): I 
have some comments in three areas. First, Dr. 
Sturtevant mentioned the fact that he placed very 
little stock in the comparison of indirect blood pres- 
sure measurements from one laboratory to the next. 
I find it surprising that after so many years have gone 
by we find ourselves, a group of competent investi- 
gators in the field of rat hypertension, still arguing 
about width of cuff, temperature and the transfer- 
ability of results from one laboratory to another. 
As all of you know, we have been using the direct 
method for the past 10 years. We teach it to our 
students. Anyone who can cannulate an artery can 
do a direct blood pressure in the rat and can do it as 
often as he wants to. He can do it with or without 
anesthesia. If he wants to do it without anesthesia, 
he has the problem of conscious animals and with 
anesthesia the question of anesthetization. When 
you make such direct measurements, there are no 
differences between laboratories. I think the indirect 
method which we have also used when necessary has 
served a useful purpose and I think that the refine- 
ment which Drs. Freedman and Freed put forward 
has simplified the indirect procedure. All of us, 
however, use so much more esoteric technics in our 
laboratories that it seems to me to switch from a 
technic of reading blood pressure in a rat in 1!/¢2 


‘minutes to a slightly more complex one where you 


read it in 2!/2 minutes is a move we all ought to make 
so that this does not continue to be a perennial source 
of frustration, confusion and argument. 

The second point I would like to raise deals with 
the session about chlorothiazide. I don’t like 
postulating two mechanisms where one suffices. 
Secondly, I have become very hardened over the years 
to the idea that the clinical investigator looks 
askance at the results obtained in rats unless they 
turn out to be identical in man. I am not entirely 
hardened to the idea though that the lack of com- 
parability between the animal experiment and the 
human experiment is simply because the species are 
different, since the technics in the rat are somewhat 
better than the technics in man. This is a critical 
point, it seems to me. I do not deny for a moment 
that there is reduction in plasma volume and extra- 
cellular fluid volume following the administration of 
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a saluretic agent and that this contributes to a de- 
creased cardiac output and may lower the blood 
pressure in part in the first instance. That, however, 
is not evidence—it cannot be used as evidence—that 
nothing has happened to the distribution of ions across 
cells. To say so is to compare oranges and lemons. 
This is particularly so when the measurement of 
extracellular fluid, as Dr. Freis pointed out, has a 
5 per cent error in man and about 1.0 or 1.5 per cent 
in the rat. When we published some work on hydro- 
chlorothiazide in relation to its saluretic effect and 
to hypertension in the rat, I thought we had more or 
less wrapped it up and I see we haven’t (Am. J. 
Physiol., 198: 148, 1960). We have, however, done 
some more work on it. We tried to point out at that 
time using hydrochlorothiazide orally in doses exactly 
comparable with those given in man that the reduc- 
tion of sodium in the extracellular space involves a 
transmembrane shift of ions. In fact, the loss of 
sodium and water exceeds the amounts which you 
can account for by losses from the extracellular 
space. Recently, Daniel has reinvestigated the 
problem and done tissue analyses. On tissue analysis 
there is very definite leaching of sodium from the 
cells in the earlier stage. This is very easy to see. 

There is another basic point about any agent which 
lowers plasma sodium. This has been brought out 
by E. J. Conway (Irish J. Med. Sc., 262: 593, 1947) 
who wrote extensively about the role of sodium in 
ordinary biological systems and its particular niche 
in control of osmotic pressure which Dr. Grollman 
mentioned earlier. If you reduce plasma sodium, 
there will be a shift of water into the cells; some of 
the water which is missing from the extracellular 
spaces is in the cells. This has been shown by 
numerous *.vestigators working with the rat and 
usin, .chnics of all types of lower plasma sodium; 
some deplete sodium into the intraperitoneal cavity 
and others lower sodium by increasing its renal 
excretion. I might mention Dixon Woodbury’s 
work on this form of cellular hydration. We, too, 
have confirmed this. We have actually taken the 
extreme situation and reduced plasma sodium in the 
rat by multiple dialysis, reduced it down to levels of 
90 mEq. per L. of sodium and that’s taking out a lot 
of sodium. As we get it out of the extracellular 
space we also take a portion out of the intracellular 
space. In essence then, I do not quarrel with the 
reduction in extracellular plasma volume as a major 
contributory cause to the reduction of blood pressure. 
I do say you cannot transfer that argument to ex- 
clude a redistribution of ions betweén the intracellular 
and extracellular space. I would like to caution on 
the interpretation. 

My third comment concerns Dr. Swann’s paper 
which I found quite interesting. I wanted to remind 
him about Corcoran and Page’s paper on the role of 
pulse pressure in the regulation of renal secretion 
(Am. J. Physiol., 135: 361, 1941). 

Lewis Dant (Upton, N.Y.): I want to say a couple 
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of things about both Dr. Freis’ and Dr. Conway’s 
work. During the years I have been working in the 
field of hypertension I have been doing work only 
on metabolic wards. When we put patients on a 
low sodium diet, they really are on a low sodium diet, 
that is, 100 mg. a day. Under these circumstances, 
when we measure the sodium that is lost in the urine 
after a patient is on a low sodium diet, there are 
instances in which the urinary sodium loss and weight 
loss are in sufficient agreement with the composition 
of extracellular fluid that it is reasonable to account 
for all sodium excreted as having come from extra- 
cellular fluid. But there are many other patients in 
whom we cannot account for the amount of sodium 
that is lost if we assume it comes from the extracellular 
fluid. At times we see remarkably little sodium lost 
with a remarkably good fall in blood pressure. At 
other times we see quite a bit of sodium lost and no 
fall in blood pressure. Calculations based on studies 
on some thirty patients (assuming it is the extracel- 
lular fluid that changes) did not suggest that the 
sodium which is excreted came only from the ex- 
tracellular fluid. 

To Dr. Conway: Is it fair to say that the absence 
of a response to sodium restriction in the rat made 
hypertensive by sodium feeding is an argument against 
the sodium having been the cause of this hyperten- 
sion? It seems to me that sodium-feeding could 
produce a self-sustained disease. You could remove 
the etiologic factor and it wouldn’t necessarily af- 
fect the process of the disease. Do I interpret what 
you said properly, Dr. Conway? 

James Conway: I don’t think so. If we are to 
think that sodium is affecting the blood vessels, then 
if you withdraw it, you should be able to reverse the 
situation. I have difficulty in defining the exact 
role of sodium in elevating blood pressure. Is the 
sodium affecting the vascular smooth muscle as Dr. 
Friedman would think it does or is its effect an indirect 
one resulting, say, from renal damage? 

Lewis Dant: I am prepared to believe that sodium 
produces its effect via injury to the kidney, but it 
wouldn’t seem to me that this would eliminate it as an 
etiologic factor in that hypertension. 

JaAMEs Conway: No, my reservation is: does 
sodium effect the vascular tree itself? 

Lewis Danut: Relative to the possibility that 
chlorothiazide has some other action than that on 
sodium elimination: In my own experience we have 
used sodium restriction for some 13 years primarily 
as a test rather than a therapy. All the things you 
demonstrated with chlorothiazide we have demon- 
strated with sodium restriction alone, e.g., the failure 
of change of total exchangeable sodium. We were 
the first to study the total exchangeable sodium and 
the total exchangeable potassium in hypertensive 
subjects and the subsequent reaccumulation of sodium 
after the initial depletion. We have now studied 
patients in whom we have either had a response or 
had no response on drastic sodium restriction, and 
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when we have added chlorothiazide to their program, 
we have never yet seen an additional effect on their 
blood pressure. There is a question to be raised 
relative to the long term toxic effect that chloro- 
thiazide and its congeners might have. 

Grorce Witcram (Boston, Mass.): Dr. Swann 
spoke about the internal and the external “‘straight- 
jacket” leading to hypertension. I would like to ask 
Dr. Swann a question. What is the mechanism 
by which injury to the kidney is translated into 
hypertension? There must be something between 
the straight-jacket application and the development 
of hypertension; I don’t think the jacket as such 
leads to hypertension; there must be some link in 
between and I wonder whether you would speculate 
on that. 

Howarp Swann: In the experimental malignant 
hypertensions and early in the more benign types of 
hypertension due to renal clamping, the cause lies, in 
my opinion, in the renin-angiotensin mechanism. 
Late in the course of the benign types, however, the 
mechanism is still obscure. There are a number of 
possible mechanisms; some of them apparently get 
‘built in” as time goes on and remain operative even 
though the hypertensinogenic stimulus is removed. 
I think that the changes in renal distention also 
operate early through the renin-angiotensin mech- 
anism, but how they operate later, I do not know. 

Dr. Raab mentioned the surgical procedure of 
renal decapsulation. I think it is still occasionally 
used. I suspect that it would work well if only the 
injury to the capsule were the fundamental one, this 
causing an external constraint of the kidney. We 
do this in our experimental perinephritis. But in 
man such a lesion rarely occurs. It is an internal 
scarring that is usually responsible and it is this 
factor which keeps the kidney from properly expand- 
ing. Decapsulation, it would be anticipated, would 
have no effect on this. 

Dr. Friedman asked the old question about the 
fundamental nature of the ‘perturbation of vascular 
function” as Homer Smith has called it, which leads 
to renal hypertension. The case for renal ischemia 
is poorly proved, and in my opinion is not the funda- 
mental cause. Similarly, the case for a decline in 
renal pulses is poorly proved; we also know that a 
kidney perfused with a pulseless pressure behaves, 
acutely at any rate, in an entirely normal fashion. 
It is our hypothesis that failure of distention, whether 
accompanied with ischemia or not, is the fundamental 
stimulus (Am. Heart J., 58: 608, 1959). 

Epwarp Freis (Washington, D.C.): Dr. Raab 
points out the similarity of our results to what he 
found in DCA hypertension which to me was very 
interesting. I recall the work of Flory on renal 
hypertension in rats, in which he noted that during the 
period before the inception of hypertension there was 
an increase in the extracellular fluid spaces and 
plasma volume in his rats. Then as the hyper- 


tension became overt, the volumes decreased back 
to normal, again suggesting some sort of interrelation- 
ship between plasma volume changes and the develop- 
ment or regression of hypertension. More recently, 
Ledingham in the same laboratory has unclipped the 
kidney of renal hypertensive rats and studied the 
hemodynamic changes resulting therefrom. He 
noted that the first change that brings about the fall 
in blood pressure resulting from unclipping is not a 
decrease in peripheral resistance. ‘The first change is 
a decrease in cardiac output. The relationship 
between vascular capacity and the contained vascular 
volume is a very interesting one. Dr. Friedman, I 
was interested to hear that Daniel does find sodium 
changes. I cannot argue with that. I would say 
that we can measure plasma sodium concentration 
quite accurately in man, and we did not find (and 
neither did other people) any changes in plasma 
sodium concentration. This led us away from the 
idea that there was water entering cells or that there 
was a significant ionic shift. 

Dr. Dahl mentioned that in patients on 100 
mg. low sodium diets there is no correlation 
between sodium loss and blood pressure reduc- 
tion. We found exactly the same thing. There 
is no correlation between the extent of sodium loss or 
the extent of weight loss or the extent of plasma volume 
reduction or the extent of extracellular fluid volume 
loss and the blood pressure reduction. Individual 
hypertensive subjects vary in their blood pressure 
responses to plasma volume reduction. Sympathecto- 
mized patients, for example, respond to very small 
changes in plasma volume. My guess is that blood 
pressure homeostatic mechanisms tend to be less 
effective in hypertensive as compared to normotensive 
individuals so that as a group their blood pressures 
fall with plasma volume reduction. But some do not 
show a fall if their homeostatic mechanisms are normal 
while those with greatest impairment of homeostasis 
exhibit considerable blood pressure reductions with 
only minor changes in plasma volume. The only 
correlation we found was the one I showed, the weight 
loss and the change in thiocyanate space tended to 
move together. 


Lewis Dani: We didn’t find this. We had to 
postulate that there were ionic shifts because on some 
occasions we did not have the equivalent sodium 
excretion that should be accounted for if extracellular 
fluid were being lost. 


Epwarp Freis: You measured extracellular 
fluid volume change and you couldn’t correlate that 
with weight loss? 

Lewis Dani: No, we couldn’t. In our earlier 
work we did this in seven patients. Then when we 
went on to some thirty more, we found sometimes we 
could and sometimes we couldn’t. 

EpwarpD Freis: We studied only twenty patients; 
perhaps we need thirty. 
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Howarp Swann (Galveston, Texas): I would 
like to ask Dr. Corcoran his opinion of why the com- 
bination of angiotensin with the adrenocorticoids 
produces the effect it does? Masson et al. (J. 
Lab. @& Clin. Med., 38:213, 1951) report that 
the pathologic changes are rapid and violent, these 
being in the direction of an eclampsia-like syndrome. 
Why, in your opinion, do these effects occur? 

ArTHUR CorcorAN (Cleveland, Ohio): I am 
inclined to attribute it to the fact that there is a 
heavy potentiation of pressor and possibly other 
effects of injected renin or angiotensin. One sees 
a tremendous, sustained elevation of pressure to 
levels around 250 or 300 mm. Hg systolic. We have 
been inclined to associate acute pathologic changes 
with severe, sustained hypertension of some several 
hours’ or days’ duration. There has been some 
mention made that salt is directly injurious to the 
kidney. That isn’t quite our experience, at least 
we don’t find any sensible histologic changes in the 
early stages of DCA-salt hypertension. Further- 
more, if the blood pressure is maintained low by the 
use of hydralazine, one can feed salt for a long period 
and see only minimal renal changes. 

Davi Gorpon (Miami, Fla.): I would like to 
add some comments about possible reasons for the 
severe vascular lesions of rats treated with renin and 
DCA. I like to explain everything by potassium 
if I can and one of the very first actions of DCA that 
was reported said it depleted cells of potassium (Am. 
J. Physiol. 135: 230, 1941). There are many tissues 
that are injured when potassium is depleted. I 
think the renin accentuates the depletion of potas- 
sium. Either the rise in pressure or the loss of cel- 
lular potassium could account for the lesions seen. 

WiiHetm Raas (Burlington, Vt.): I just wanted 
to ask Dr. Corcoran what the heart muscle looked 
like. Did it show the same pattern as Selye found 
in his experimental myocardial necrosis? 


ARTHUR CorcorAN: Not quite. Largely, right 
ventricular and atrial intramural hemorrhages 
occur. 


Lewis Daut (Upton, N.Y.): Id like to amplify 
what Dr. Gordon said. I also have been intrigued 
by this potassium loss with DCA and I have just 
about concluded an experiment in which I observed 
that KCl wouldn’t give as much protection as a 
potassium salt whose anion was metabolized. I 
used three groups of rats with intact kidneys. One 
group received DCA and 1 per cent salt in food. 
This was the control group. I then ran a long series 
of experiments in which I tried to find what the 
molar ratio of potassium to sodium would have to 
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be to eliminate the rise in blood pressure. I finally 
worked up to a K/Na molar ratio of 8 to 1. One 
group of rats was given KC] and the other was given 
potassium citrate in equimolar amounts relative to 
potassium. Something very interesting happened. 
The control series showed a characteristic rise of blood 
pressure with time. The KCl-treated animals also 
had a rise of blood pressure but less than that of 
control animals. The potassium citrate-treated 
animals had only a slight rise of blood pressure. 
There is still one problem. That is, the potassium 
citrate-treated animals, during the phase in which 
blood pressure was rising, did not gain quite as much 
weight and ate 1 to 1.5 gm. per day less food than 
KCl-treated rats. Hence, the latter ingested more 
sodium and potassium per day than the former even 
though the ratio was the same. We are going to 
have to pair-feed some animals and allow them to 
have only the same amount of food that the potassium 
citrate-treated animals had to see whether or not this 
small difference in sodium intake can account for the 
difference in blood pressures. 

SypNEY FRIEDMAN (Vancouver, Canada): When 
we studied clearances of various sodium salts, we had 
a similar idea, not with potassium but with sodium. 
We compared salts which we thought had me- 
tabolizable anions. We used glutamate, succinate 
and citrate. They were far more effective in potentia- 
tion of DCA-hypertension than the inorganic anion 
(Am. J. Physiol., 153: 226, 1948). I am now in- 
clined to shift my emphasis from talking about these 
as metabolizable anions to considering them as 
ions of different cell penetrability rates. This would 
mean that we have quite a variation between salts 
in what each puts inside the cell and what stays out- 
side the cell. 

I would like to spend a few minutes now and put 
some of our thinking into context. If we consider a 
cell, there is an inequality of distribution of ions on 
the two sides of its external membrane. This is 
expressible in electrical terms or any other terms which 
will tell you that there is an energy difference be- 
tween the two sides of the cell membrane. If I 
write this in the form of the typical Goldman equa- 
tion, you find the following: 


= RT, P(Ki*) + p(Nai*) + p(Clo~) 
p(Ko*) + p(Nao*) + p(Ch-) 


Ey = membrane potential; (K,;*) = potassium activity 
inside the cell; (Na;*) = sodium activity inside the cell; 
(Cl~) = chloride activity outside the cell; (Ko*) = 
potassium activity outside the cell; (Na*t) = 
activity outside the cell; (Clo) = chloride activity out- 
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side the cell; P = permeability factor for each ion; 
R = gas constant; T = absolute temperature, and 
F = Faraday constant. 


The relative permeability of cells for sodium and 
potassium is different. Sodium goes through the 
membrane at a much slower rate and so it con- 
tributes to the over-all electrical potential to a far lesser 
degree. Chloride likewise has its particular perme- 
ability constant. Ordinarily potassium, sodium and 
chloride should be expressed as activities rather than 
as concentration. When you have an equilibrium 
distribution of these ions in any two containers 
separated by a semipermeable membrane and you 
make a contact between them, you can measure the 
potential difference. If one puts in proper values 
for RT/F and converts to base 10 logarithms, one 
obtains the value of 58 mv. (at 20°c.) which is then 
a constant for multiplication of the rest of the equa- 
tion. By placing into the equation proper values for 
intracellular and extracellular ion activities and 
permeability factors, one can calculate the electrical 
potential gradient between the inside and outside of 
the cell. In skeletal muscle the sodium contributes 
relatively little to the potential because it is not 
moving very freely across the membrane. The 
permeability of sodium is about one-fortieth the 
permeability of potassium in skeletal muscle so the 
membrane potential is mainly proportional to 
potassium distribution across the membrane. The 
higher the permeability of the membrane to sodium, 
the more sodium contributes to that membrane 
potential. This is the traditional Goldman equation 
or constant field equation which was devised to 
explain skeletal muscle excitation and nerve trans- 
mission phenomena. It is still controversial whether 
this is the only equation which actually applies, 
but other equations would not much alter the general 
points I hope to make. ‘The general structural 
relationship indicates that the amount of energy 
available across the cell is proportional to the con- 
centration of the ions on the two sides modified by 
their mobility. I think everybody would accept 
this. Ordinarily I would say that for skeletal 
muscle the level of resting membrane potential is, 
roughly speaking, not of primary concern. When 
a surging charge comes down to a muscle membrane, 
it allows sodium suddenly to flow into the cell and 
the sodium potential begins to dominate. The full 
sequence of events gives rise to an action potential 
which is of primary importance. 

There are two basic steps necessary to prove that 
general ionic theory applies to a particular tissue. 
First, you should be able to demonstrate that you can 
change the resting membrane potential by varying 
the ratio of potassium outside to inside. That is 
very easily done and has now been demonstrated for 
skeletal muscle, cardiac muscle and for smooth muscle 
of the gut (tenia coli). It has also been indirectly 
demonstrated recently for a vascular ring by Laszt 
(Nature, London, 187: 329, 1960). Secondly, the 


proof depends on the fact that an agent which 
changes the permeability of sodium suddenly should 
cause an equivalent change in membrane potential. 
This has been shown for gut muscle and the purpose 
of what we have been doing with the sodium electrode 
has likewise been to prove this for vascular tissue. 
We have shown that during acute administration of 
agents which alter blood pressure, we see a sodium 
surge. ‘That is the basic reason for the rise of blood 
pressure. Now all of this need not be taken as 
absolutely true; it’s just a question of whether or not 
it plays a central role. 

The potential which is read across the cell, i.e., 
the resting potential, cannot be read across the 
vascular smooth muscle cells because nobody has 
yet succeeded in getting the electrodes into these 
cells, so this is really unknown at the moment. What 
we do know is that if we calculate the potential 
across the cell, it does seem to vary inversely with its 
tension. That is what we might expect and it 
suggests that the resting membrane potential may 
be particularly important in vascular smooth muscle. 

I give you this as a working basis to explain what 
we mean when we talk about ionic distributions. 
Clearly, we could affect membrane potential by 
changing membrane permeability to one or all 
ions. It is known that entrance and exit rates for 
ions are independent in most instances in which they 
have been studied. So one might change either 
entrance rate or exit rate for sodium or both. We 
have a strong suspicion that mineralocorticoids, 
such as aldosterone and desoxycorticosterone, change 
the exit rate for sodium. Another factor which 
would alter membrane potential is a concentra- 
tion change. Actually just a shift of water from one 
compartment to the other will alter membrane 
potential. This is a field we still know little about, 
but it’s probably central to the way the smooth 
muscle contracts. That’s the area we are exploring. 
We make no claims one way or another and are not 
concerning ourselves with the etiology of hyperten- 


. Sion at the moment. 


We were talking of the fact that salt-feeding 
produces hypertension and I feel that in the last 
analysis it too must work through this final pathway. 
Among the control factors that act on this final path 
is the antidiuretic hormone level. That may not 
involve an absolute amount of ADH, it could be the 
amount of ADH relative to the amount of mineralo- 
corticoid present at the time which is important. 
This final mechanism could also be influenced by 
what is presented to the kidney as well as by the 
efficiency with which the kidney handles what it 
gets. I feel that a certain amount of misunderstand- 
ing has surrounded our particular focus on this. 
Many of the points regarding this are not amenable 
to direct proof until we get proper vascular prepara- 
tions and can do this sort of study in vitro. What 
has so far been done indirectly does hold with 
general ionic theory with, of course, the qualifica- 


THE AMERICAN JOURNAL OF CARDIOLOGY 


gap 

| 
* 

Sate 
<* 
Vig 

P. 

4 

‘3 


Final Panel Discussion 911 


tion that each type of muscle has its own peculiarities. 
One big difference between vascular smooth muscle 
and skeletal muscle is that the permeability for sodium 
is higher insmooth muscle. The intracellular sodium 
concentration of smooth muscle is much higher than 
that of skeletal muscle. This suggests a different 
permeability. A lot of other specific things are 
probably also different. We suggest however that 
one. must eventually return to this central mechanism 
and that one cannot manipulate peripherally without 
thinking of this final path. 

GeorcE MeENEELY (Nashville, Tenn.) I’d like 
to comment on this because I don’t believe it. I 
favor the notion that when hypertension is induced 
with sodium, the sodium is causing it. However, I 
am very dubious about the membrane formulation. 
I am much more attracted to Ling’s concepts (J. 
Gen. Physiol., 43: 149, 1960). I think everything 
you said could equally well be couched in terms of 
equilibration of electrolytes across the entire giant 
molecular substance of the cell. I don’t want to 
let this symposium go on record as divorcing itself 
from the concept that the equilibration of electrolytes 
probably does take place across the whole cell rather 
than just across the membrane. Don’t you agree? 

SyDNEY FRIEDMAN: I agree. As you _ know, 
Ling works with the group that developed the sodium 
electrode glass and we have been working very 
closely with them. The direct outgrowth of that 
glass work (and one can’t work with sodium elec- 
trode glasses and not be a little bit impressed by the 
fact that it may be the lattice that is important) is 
that from.a general physiologic standpoint the 
position I have expressed would not be affected by 
whatever theory one uses. All I want to state is that 
ionic distribution and mobility are important and 
necessarily basic to our problem of vascular smooth 
muscle tension. 

SaMuEL MA (Syracuse, N.Y.): I'd like to 
ask Dr. Friedman if he thinks a sodium carrier 
mechanism may be important in the extrusion of 
sodium. I am thinking specifically in terms of the 
Hokin work (J. Gen. Physiol., 44: 61, 1960) showing 
that the phospholipids may be carriers of sodium. 

SmwnEY FrrEDMAN: I agree. There is a sodium 
disequilibrium across the cell membrane and sodium 
is constantly trickling in and is constantly pumped 
out, This takes a lot of cell’s energy. According to 
Ussing much of our time and energy is spent keeping 
sodium out of our cells (Handbuch der Experimentellen 
Pharmakol, p. 13, 1960). If there is a sodium carrier 
to transport sodium through the membrane, perhaps 
phosphorylation is involved. Because potassium 
goes through the membrane freely it contributes 
more to the membrane potential. Potassium is 
critical as Dr. Meneely pointed out. I’ve always 
talked about sodium, not because I have excluded 
potassium at all in my thinking, but because our first 
efforts were directed toward seeing whether we could 
measure the sodium surge. Since sodium requires a 
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pump to extrude it from inside the cell, its distribu- 
tion may more or less dominate the distribution of 
potassium. 

Smney Cassin (Gainesville, Fla.): Would you 
care to speculate what might happen if you do 
uncouple this mechanism? I ask this because 
thyroxin may act as an uncoupler and there is 
some evidence from Dr. Fregly’s work that thyroxin 
activity increases with the development of hyper- 
tension. 

SyDNEY FriEDMAN: I’d rather not speculate be- 
cause there is so little I do know as to what happens 
to coupling and how it affects membrane potential 
and ionic distribution. This has to be handled by 
a specific technic when you know precisely what is 
uncoupled and then try to see how membrane po- 
tential is affected. 

WENDELL Stainspy (Gainesville, Fla.): One ion 
that is very important in skeletal muscle is calcium. 
Why have you left this completely out of your dis- 
cussion? 

SmpNEY FRIEDMAN: You couldn’t have pleased me 
more with a better question. I was trying to keep 
this simple. If we say that sodium dominates the 
potassium distribution, there is exceedingly good 
evidence for the actual coupling of the ionic distribu- 
tion energies to the contractile machinery by the 
calcium, and free sodium seems to be inversely related 
to free calcium. Whatever happens, it does involve 
calcium and I think calcium is absolutely critical. 
I didn’t want to get involved in that, so it was an 
intentional omission. 

FLtoyp SKELETON (New Orleans, La.): I was 
delighted to hear at length Dr. Swann’s ideas about 
the relationship between distensibility of the kidney 
and hypertension. It just occurred to me that in 
most of the experimental forms of hypertension we 
have talked about here, there is an increase in the 
size of the kidney as the hypertension develops. What 
kind of compression can such renal hypertrophy 
induce and how would that fit in with your ideas? 
I’d like to hear you comment on this. 

Howarp Swann: Compensatory hypertrophy of 
the kidney is rapid with a large growth of the re- 
maining kidney to be observed in the rat over a 
period of 2 or 3 days. It is not, of course, complete 
at this time. The same rapid growth occurs in 2 or 
3 days in the dog. In normal animals, I think that 
the reaction of compensatory hypertrophy is accom- 
plished without distortion of the various compart- 
ments, because hypertrophy is not accompanied by 
changes in blood pressure. I do not think I can go 
much further than that. 

MELvIN Frecty (Gainesville, Fla.): Dr. Swann, 
some of your theory is reminiscent of that of Braun- 
Menéndez which involved production of “reno- 
trophin.” Could you comment about the similarities 
or differences between these two theories? 

Howarp Swann: Yes, my theory resembles his 
in the sense that it entails considerations of the 
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volume of the kidney. I have attempted to fit our 
theory into his, but without very much success. 
We consider that the operational volume of the organ 
is the critical factor in hypertension. One prepara- 
tion which, in this context, interests me a great deal 
is that involving removal of three quarters or more of 
the renal mass. This should produce hypertension, 
but, by and large, if there is not too much scarring, 
it does not do so. 

Octavia Hatt (Galveston, Texas): Chanutin 
and Ferris reported that it does in the rat (Arch. Int. 
Med., 49: 767, 1932). 

Howarp Swann: In the dog the rise of pressure 
is mild and inconstant (J. Clin. Invest., 18: 195, 1939). 
Dogs with such kidneys are right on the edge of 
renal failure. Their kidneys barely handle the 
body’s need, but even so, hypertension is mild. 
Braun-Menéndez would, I think, have considered 
that these animals were excreting a lot of “reno- 
trophin,” and their reduced kidneys were presumably 
unable to handle its excess. But even so, the hyper- 
tension is mild. 

Cuartes Hatt (Galveston, Texas): I’d like to 
suggest an experiment to Dr. Swann which might 
serve to clarify or prove his thesis. Unfortunately, 
if one puts a cellophane membrane or something 
else around the kidney, it’s natural that the ingress 
of blood is going to be impeded and that the circula- 
tion is going to be impeded and presumably the 
volume distribution of fluid is going to be less. 
What we would like to study is the volume distribu- 
tion of fluid in a normal-looking kidney of a hyper- 
tensive animal. If one could devise a neat method of 
measuring blood pressure in the mouse, the ideal 
experiment would be to induce metacorticoid hyper- 
tension in these animals in which the renal lesions are 
minimal. It might then be possible to see whether or 
not the volume distribution is what you claim it is 
because the mouse kidney lends itself to the rapid- 
freezing technic which the dog and rat kidney do 
not. I should think that if one could demonstrate 
that there is a reduction in the distribution of fluid 
in the fast-frozen kidney of a mouse with metacorti- 
coid hypertension, this would be an elegant substan- 
tiation of your theory. 

James Conway (Ann Arbor, Mich.): Dr. Swann, 
have you made any attempts to consider the renal 
morphology or the fluid spaces of less severe hyper- 
tensive animals? The animals in the experiments 
you described have a very severe vascular disease 
when you make them uremic. What changes occur 
in the nonuremic animals? From the clinical point 
of view, there are several types of renal compression, 
e.g. pyelonephritis, which end up with a very small, 
scarred kidney, yet hypertension does not commonly 
occur in pyelonephritis. The other condition that 


you have to contend with is the polycystic kidney. 
These patients have uremia yet they do not have 
hypertension. 

Howarp Swann: I wish we had data on the less 
severe hypertension. We plan to study the simple 
Goldblatt hypertension in the benign phase, extend- 
ing the analysis to include the fluids which do not 
spontaneously drain out of the kidney. Your criti- 
cism is a just one; it will be interesting to see what 
changes occur. 

Yes, patients with polycystic kidneys do not have 
hypertension and the same is true for some pyelone- 
phritics. Another pathologic distortion of the kidney 
is hydronephrosis. In this condition, considerable 
pressure builds up in the ureter and kidney and it 
may be presumed that there is a change in the 
distribution of the kidney fluids but hypertension 
usually does not develop. I cannot account for this. 

CHARLES Hatt: I think I can get Dr. Swann out 
of his dilemma. I think I can reconcile some of our 
opinions. There must be some link between the 
altered flow in the kidney and the hypertension, and 
he has ascribed this to renin, or angiotensin, or some 
other substance which the kidney elaborates. Now 
when there is a polycystic kidney, or when there is 
pyelonephritis, or when there are some of the other 
disorders of renal function in which the intrarenal 
pressure might be considered to be up but hyperten- 
sion does not exist, one might propose that there is 
interference with the juxtaglomerular apparatus or 
with whatever it is that is producing renin in the 
kidney, in such a way that although the kidney dis- 
tribution of fluid is altered, the link between that and 
high blood pressure is impaired so that high blood 
pressure does not ensue. 

MELvIN Frecty: I wanted to take these remain- 
ing few moments of our seminar to state how great 
has been our pleasure to have you here with us. I 
also want to take this opportunity to thank my 
colleagues in the Departments of Physiology and Medi- 
cine for their valuable help in making the symposium 
whatever success it has been. I would also like to 


' express my thanks to the Merck, Sharp and Dohme 


Postgraduate Program for their generous support. 
Dr. Tobian warned me that we would not know the 
answer to the hypertension problem when the seminar 
ended. I anticipated this and brought along with 
me a quotation from one of my favorite poets, Robert 
Frost. He could have had this symposium in mind 
when he wrote it. 


We dance round in a ring and suppose— 

But the secret sits in the middle and knows.* 
*From: Frost, R. A Witness Tree. New York, 
1942. Holt Rinehart and Winston, Inc. 
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Case Discussions by Compensation Committee 


S$ PREVIOUSLY announced, we shall from time to time present under this 
heading a case for discussion and for the expression of opinions by the mem- 
bers of the Compensation Committee of the American College of Cardiology. 
The object of these discussions is to attempt to arrive at some criteria on the 
causal relationship of physical and emotional strain and cardiac disability; the 
extent and duration of such disability in the individual case; and the possible 
relationship of the ultimate death of a claimant and the original injury. It is 
understood, of course, that the physician is not the one who decides on compensa- 
bility. This must be left to that officer who presides over the case. His decision 
varies with the compensation law in his state and depends on the credibility of 
the testimony of the plaintiff, employer and their agents who obtain informa- 
tion on the circumstances which led to the injury. However, his decision de- 
pends also to a great extent on expert medical testimony, and for that reason we, 
as specialists in medicine and cardiology, carry much of the burden and re- 
sponsibility in these cases. 
_ In the case selected here for discussion the claimant was not under my per- 
sonal care and whatever information I obtained was from reports of some physi- 
cians who treated him as well as from the testimony of witnesses. The history 
of the circumstances leading to the cardiac attack from these sources was so con- 
fusing and contradictory that no reliance could be given to it. I have there- 
fore chosen the few facts, which were not contradicted. This, unfortunately, is 
true of many compensation cases, in which we are called to offer medical ex- 
pert opinions without sufficient personal knowledge and follow up of the claim- 
ant. It is for this reason that I chose this case as a challenger. 


Louts H. SIGLER, M.D., F.A.C.C. 
Chairman, Compensation Committee 
American College of Cardiology 


Physical Strain in a Case of Hypertensive Heart Disease 


CasE REPORT 


54 YEAR old man, a clerk in a food store, picked 

up, with another clerk, a barrel of pickles weigh- 
ing about 350 to 400 pounds. A sharp stabbing pain 
in the chest lasting a few minutes soon developed, 
followed by a continuous dull pain and shortness of 
breath. A doctor examined him later that day and 
advised him to rest a few days. He returned to work 
3 days later, but the pain continued and he claimed 
that he could not sleep at night due to difficulty in 
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breathing and the dull ache in the chest. He was 
then examined by another doctor who admitted him 
to a hospital. The hospital records showed evidence 
of some degree of left heart failure associated with 
hypertensive heart disease. The heart was greatly 
enlarged. During a 2 week stay in the hospital, 
repeated electrocardiograms revealed a pattern of 
left ventricular hypertrophy and strain, but no serial 
changes and no evidence of myocardial infarciion. 
On his discharge from the hospital he was advised 
not to work or walk up stairs. 
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Three months after this episode, while defecating 
he lost consciousness. A doctor who examined him 
noted ashen pallor, cold sweat, breathlessness and 
unobtainable pulse and blood pressure. He was 
rushed to a hospital where he gradually recovered 
from the shcck state. During this stay in the hospital, 
about 2!/2 weeks, his blood pressure was 200 to 220 
mm. Hg systolic and 100 to 120 diastolic at various 
times. Electrocardiograms on three occasions re- 
vealed left ventricular hypertrophy and strain without 
any serial alterations, and no evidence of myocardial 
infarction. The temperature remained within nor- 
mal limits throughout, and the sedimentation rate 
was not remarkable. The blood count showed no 
leukocytosis. 

Physical findings about 12 days after this admission 
to the hospital revealed a very obese, short, meso- 
morphic patient, who was slightly dyspneic. The 
heart was moderately enlarged, the heart rate 56 per 
minute and regular. The first sound was diminished 
in intensity, the second sound accentuated, Az being 
greater than P2, The lungs showed a few congestive 
rales at the bases posteriorly. The abdomen was 
normal and there was no liver enlargement. The 
blood pressure was 220/120 mm. Hg. 

Following the second discharge from the hospital 
he was up and about, but was restrained by his doctor 
from doing any work. He had some shortness of 
breath from time to time and an occasional episode of 
pulmonary edema, but was otherwise comfortable for 
about 6 years. One day, 6 years after the onset of 
symptoms, he was found dead. No autopsy was ob- 
tained and no one observed him at the time of death. 
The cause of death was therefore not definitely known. 


ComMITTEE Discussions 


I. ROBERT FRANK 
BOSTON, MASSACHUSETTS 


It is obvious that the decedent had a number 
of episodes of congestive failure. The underly- 
ing cause was a pathologic process in the heart 
due to atherosclerosis combined with hyper- 
tension. ‘The essential cardiac abnormality in 
hypertension is left ventricular hypertrophy, 
which for a long time may compensate for the 
load placed on the heart by the hypertension, 
but this may fail as time goes on. 

Since no evidence of acute coronary insuffi- 
ciency or infarction was found by serial elec- 
trocardiograms and since the clinical picture 
was atypical, I am of the opinion that he strained 
his chest wall (a type of traumatic myalgia) and 
that the tenderness and discomfort remained for 
some time. That he also strained his heart, 
already hypertrophied and ischemic due to 
hypertension, can be inferred from the lifting 
of a heavy load which was probably in excess of 
what he usually did as a grocery clerk. Hypoxia 


in such a heart becomes intensified in the pres- 
ence of severe exertion, due to acceleration of 
the heart rate which occurs with exertion, and to 
an increase in oxygen requirement. Also, any 
increase in the heart rate shortens the diastolic 
phase, during which most of the myocardial 
oxygen diffusion occurs. Elimination of waste 
products from the heart is also interfered with 
and this increases the work of the heart. Harri- 
son has shown that a markedly hypertrophied 
heart requires 200 to 300 per cent more coronary 
flow than normal to insure proper oxygenation. 
Even moderate exertion may preclude proper 
oxygenation in a heart as large as described in 
this case history. ‘The incident that occurred 3 
months later while the patient was defecating is 
an example of the same pathophysiologic con- 
cept, but was evidently more severe, inasmuch 
as he became comatose and appeared to be in 
shock. Again he was exerting himself, and 
again he had a severe reaction, and again he 
was hospitalized, and no evidence of a coronary 
occlusion was found. As a matter of fact, not 
only were electrocardiographic signs wanting 
but also his sedimentation rate was within 
normal limits, as was his white blood count, and 
there was no febrile reaction. Since no autopsy 
was performed when he died about 6 years later, 
the cause of his death is largely speculative. 

It is my opinion that causal relationship 
existed in this case for the following reasons, 
despite the fact that the patient did not die 
until 6 years following the onset of symptoms: 
He was undergoing exertion that was severe 
and arduous and perhaps more laborious than 
his usual duties as a grocery clerk, at least as far 
as my knowledge of a grocery clerk’s duties are 
concerned. The barrel that he picked up at 


the initial onset of symptoms is stated to have 


weighed between 350 and 400 pounds, and this 
would mean that it was large, very bulky and 
very difficult and awkward to handle- We 
therefore have not only the element of lifting a 
very heavy and bulky object with only one 
other person to help, but also one that was un- 
gainly and hard to handle. He had never had 
any difficulty before this incident, but after the 
initial incident occurred he was subject to 
attacks of acute pulmonary edema. This type 
of heart is vulnerable to even minor exertion, 
but particularly to excessive exertion. 


LEON J. WARSHAW 
NEW YORK 


The case report offers such sketchy informa- 
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tion and is so lacking in essential detail that a 
definitive opinion about any causal relationship 
between the man’s work and his heart disease 
seems virtually impossible. Purely on the basis 
of conjecture, I can offer two entirely different 
interpretations, each of which is made to fit the 
case as it is presented: 

1. The physical effort involved in lifting the 
heavy barrel of pickles resulted in an injury to 
one of the pectoral muscles that was responsible 
for the severe, sharp stabbing pain and the con- 
tinuous dull pain that followed it. The short- 
ness of breath was probably not real dyspnea, 
but the rapid, shallow breathing resulting from 
*‘splinting”’ of the chest. Obviously, this thesis 
holds that the man had unrelated hypertensive 
heart disease prior to and following the incident. 
The findings of heart failure represented not the 
effect of the accident, but the fact that the pa- 
tient was being examined for the first time by 
physicians who suspected that there might be 
something wrong with the heart. Finally, the 
entire sequence of subsequent events represented 
the natural progress of his heart disease. His 
disability, according to this view, was dictated 
not by his complaints or symptoms but rather 
by the cautious advice of the physicians who 
were now caring for him. Consequently, 
neither this man’s prolonged cardiac disability 
nor his subsequent death had any causal re- 
lationship to the strenuous physical effort of 
lifting the pickle barrel. 

2. This man had heart disease but had been 
able to perform strenuous physical exertions 
without difficulty prior to the incident in ques- 
tion. The lifting of the pickle barrel induced an 
episode of myocardial insufficiency that led to 
his first (?) bout of heart failure. All of his 
subsequent difficulties and his death then fol- 
lowed. Since his troubles were precipitated by 
the lifting effort, it is causaily related to his 
cardiac disability. 


RONALD L. HAMILTON 
BINGHAMTON, NEW YORK 


There are a number of details missing in this 
report which would be of help. I would sur- 
mise, however, that this obese man had hyper- 
tension, apparently for a long time, and a con- 
siderably enlarged heart caused by this factor. 
The overwork of the heart at the time of lifting 
was sufficient to precipitate severe coronary 
insufficiency with angina. Three months later 
he had an attack of syncope when he was moving 
his bowels. If the man had diarrhea or severe 
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abdominal cramps, he could have fainted. 
This, of course, could have increased the 
coronary insufficiency due to shock. The 
patient gradually recovered from the cardiac 
insufficiency provided he learned to live below 
the threshold at which pain or shortness of 
breath developed. I note, however, from time 
to time, he did have mild pulmonary edema. 

Six years after the onset of symptoms he was 
found dead. No autopsy was obtained, and 
the cause of death is therefore not known. The 
question arises as to whether the death was 
related to the original episode of a coronary 
insufficiency brought on by lifting the weight. 
Certainly the original symptoms arose from 
coronary insufficiency, probably caused by 
unusual effort at the time. The underlying 
cause of his heart condition was definitely that 
of hypertension, coronary sclerosis and enlarge- 
ment of the heart which had nothing to do with 
the man’s work. The man’s death was no 
doubt the end result of progressive arterio- 
sclerosis and hypertensive cardiovascular dis- 
ease, which was not caused by the original 
strain but which revealed the cardiac and 
coronary insufficiency so dramatically. 


G. W. H. SCHEPERS 
NEWARK, DELAWARE 


It has been clearly established that this was a 
case of hypertensive disease with left ventricular 
hypertrophy, first discovered 6 years before the 
patient died. The question at issue is whether 
the performance of a single feat of physical 
exertion was a factor in causing disability during 
the months succeeding the incident and was a 
factor in causing the death of this man at the 
age of 60 years. 

On a statistical basis, one may consider 
whether 6 years survival after the onset of 
congestive cardiac failure sequential to severe 
hypertensive cardiomegaly is unusual. There 
are some men with blood pressures of 220/120 
mm. Hg and greatly enlarged hearts who survive 
6 years and more. There probably are more 
who do nct. In the present case, therefore, it 
can be seriously questioned whether the acute 
exertion was a material factor in causing or 
hastening death. Since no autopsy was per- 
formed and the man died unattended, we have 
no evidence that the death was through cardiac 
failure. It could have been due to a cerebro- 
vascular accident. It is also not clear from the 
history whether there was continuing disability 
during the preceding 6 years. It is not possible 
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to affirm, therefore, that the lifting of a barrel of 
pickles 6 years previously was a factor in the 
cause of death, although it may have been. 

The relationship between the exertion and the 
temporary episode of disabling cardiac insuffi- 
ciency seems a little more decisive. The elec- 
trocardiographic absence of myocardial in- 
farction favors rather than negates this infer- 
ence. First, one should consider whether lifting 
a 400 pound pickle barrel is a more strenuous 
activity for a clerk assisted by one helper than 
would be permissible at the age of 54 years. 
Assuming that each applied equal effort, the 
lift of 200 pounds per person still is a tre- 
mendous feat for an untrained, nonathletic 
subject. A barrel of 400 pounds weight is a 
much more difficult thing to lift than would be a 
more conveniently shaped object. Most men 
of 54 would scarcely be able to lift a 100 pound 
weight without experiencing distress. 

In an untrained person without heart disease, 
lifting a 200 pound weight may lead to mus- 
culoskeletal strains and injuries. It may be 
questioned whether such an exertion would 
precipitate cardiac failure in a person pre- 
viously well. Since, however, this patient had a 
greatly hypertrophied heart and severe hyper- 
tension during the examinations following the 
lifting of the barrel of pickles, it seems likely that 
he already had a large heart and arteriosclerosis 
at the time he performed his feat of exertion. 
This, then, was a man with a diseased heart who 
exerted himself more strenuously than the aver- 
age man of 54. 

Several pathologic possibilities may have 
followed. The Valsalva effect induced by 
weight lifting would cause marked distention of 
the heart. 
myocardium would suffer any sistained adverse 
effects by being thus stretched, the hyper- 
trophied myocardium could easily be damaged. 
Normal myocardial fibers can be stretched with- 
out being fragmented since they possess con- 
siderable elasticity. Hypertrophied myocardial 
fibers have already been elongated to their 
maximal size and retain very limited extensi- 
bility. A pronounced Valsalva response may, 
therefore, physically disrupt hypertrophied myo- 
cardial fibers. These fibers will then de- 
generate; electrical conductance through them 
will become impaired; focal fibrosis will be 
substituted for them. 

Not only will muscle fibers be stretched but 
interstitial fibrous tissue and blood vessels also 
will be subjected to the same disruptive force. 


While it is unlikely that normal 


Blood vessels can be stretched to some degree; 
arteriosclerotic blood vessels are less elastic 
and more easily injured. These would not be 
large vessels. Injury to them would not evoke 
an infarction. But the characteristic electrical 
potential differences noted on distending an 
hypertrophied heart (strain pattern) may origi- 
nate either through vasculo-occlusive injury 
with microfocal ischemia and possible capillary 
rupture and petechiation. In an hypertrophied 
myocardium the capillaries are occluded during 
ventricular distension of the Valsalva effect. 
This impairs collateral circulation between the 
branches of the coronary arteries and with the 
Thebesian vessels. These events plus possible 
disruption of myocardial fibers would lead to 
interstitial and focal edema and swelling of 
component elements. ‘This may further impair 
capillary circulation to muscle fibers and initiate 
a vicious cycle in that more fibers may suffer 
anoxemia and atrophy leading to further fibro- 
sis. 

Another possibility may flow from an acute 
Valsalva reaction in a diseased heart. Fre- 
quently such hearts contain an appreciable 
fibrous tissue component. The Valsalva dis- 
tension could stretch these fibrous components 
and there is no guarantee that they would sub- 
sequently retract. Thus, the ventricular cavity 
would be permanently enlarged. Along with 
such enlargement would come enlargement of 
one or more valvular orifice. This would lead 
to incompetence, further functional dilatation 
of the ventricle with sequential additional im- 
pairment of the valves, and further incom- 
petence. 

Yet another possibility should be considered. 
This man may have had a dissecting aneurysm 
of the aorta if he had associated atheromatosis. 
Acute exertion could initiate the ulcerative 
process which would lead to the aneurysm. 
This is, of course, conjecture, but at least possi- 
ble. 

In view of these considerations, a relation 
between the exertion and the disability which 
followed should be considered. 


CONCLUSION BY DR. SIGLER 


In the medical evaluation of a disability 
claim we must attempt to analyze cause 
and effect. In the case presented here details 
in the description of the causative factor are 
far from satisfactory. The only fact that was 
probably true was the lifting of the 350 to 400 
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pound barrel, which was soon followed by the 
enumerated symptoms. As to the height to 
which the weight was lifted and how far it was 
carried there was controversial evidence. We 
must, therefore, depend for our opinion entirely 
on possible acute cardiac involvement that might 
have occurred which could be traceable to an 
incident of the kind described. In other words, 
we must rely here entirely on the clinical cardiac 
manifestations which the patient presented to 
determine possible causal relationship. 

The claimant was markedly obese and of a 
hypertensive habitus. Following the alleged 
incident it was found on repeated examinations 
that he had a persistently high blood pressure, 
and marked left ventricular enlargement on 
physical, roentgenologic and _ electrocardio- 
graphic examinations. None of these findings 
showed acute progressive changes soon after the 
alleged strain, which appeared to exclude such 
conditions as active myocardia! ischemia or 
acute infarction. These facts speak for pre- 
existing hypertension and reactive left ventricu- 
lar hypertrophy of long standing, whether the 
claimant did or did not know about it. Now, of 
course, we are aware of the possible physio- 
pathologic changes that may occur in such cases 
under the given severe strain, which the patient 
alleged to have gone through, and which are 
excellently described by Dr. Schepers. How- 
ever, careful correlation of the subjective mani- 
festations of the patient with the severity of the 
strain leaves doubt that he carried on the physi- 
cal strain in a sufficient degree to produce gross 
acute structural alterations in the heart. If this 
were the case, the main primary manifestation 
would have been the onset of acute pulmonary 
edema and it would have been followed by some 
acute alterations in the clinical and laboratory 
findings from time to time. Instead, the main 
early manifestation here was pain in the chest 
which could be easily explained on the basis of 
musculoskeletal strain, as mentioned by our 
discussers. Even the mild dyspnea which the 
‘patient experienced might have been of that 
origin. It is possible that some degree of acute 
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left ventricular failure and coronary insufficiency 
also contributed to the symptoms, but if such 
were the case the pathologic changes certainly 
were relatively mild, as demonstrated clinically, 
roentgenologically and electrocardiographically. 
Also, he was up and about after the alleged 
strain and stopped working only at the advice of 
a physician and not because he could not con- 
tinue his work. In fact, there was evidence 
produced, although not proved, that he worked 
on and off until the second acute episode 3 
months later, and had lifted at one time a box 
containing bottles of beer, which was again 
followed by pain in the chest. 

From a medical viewpoint we may therefore 
conclude that if the original alleged strain of 
lifting the 350 to 400 pound barrel occurred and 
was followed by the symptoms, he had a dis- 


ability which was temporary. The subsequent. 


course of events was due to the advanced pro- 
gressive hypertensive and arteriosclerotic heart 
disease. Repeated breakdowns of cardiac re- 
serve and progression in degenerative changes 
are expected to occur from time to time in such 
cases, as a result of various indiscretions, emo- 
tional disturbances, straining at stool and many 
other factors outside of occupational strain. 
The fact that such patients recover from the 
acute attacks indicates that the physiopathologic 
changes occurring during these events are 
transient. That their cumulative effects may 
ultimately result in progressive degenerative 
changes and death is understandable. How- 
ever, we cannot blame future recurrences and 
ultimate death, especially if it occurred years 
after a given incident, on that particular in- 
cident only. Of course, a case of this kind 
assumes a different aspect if structural altera- 
tions or severe irreducible cardiac failure were 
known to have occurred following the strain. 

The case illustrates how difficult it may be 
from a medical viewpoint to determine causal 
relationship in a case where the history is not 
complete or is unreliable. The opinions of the 
members of our committee are to be respected 
even though they are not in complete agreement. 
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Progress Notes in Cardiology 


Edited by EMANUEL GOLDBERGER, M.D., F.A.C.C. 


New York, New York 


Replacement of Mitral Valve with a Flexible 
Polyurethane Foam 


rs. Nina S. Braunwald, A. G. Morrow 
D and T. Cooper (National Heart Institute, 
Clinic of Surgery, Bethesda, Md.) have re- 
cently designed and fabricated a flexible pros- 
thetic mitral valve which is intended to com- 
pletely replace those valves severely deformed 
as a result of advanced disease. The artificial 
valve has been designed to approximate the 
normal mitral valve as closely as possible and is 
made of an open cell polyurethane foam rein- 
forced with a thin layer of knit Dacron fabric. 
Artificial chordae tendineae are attached to the 
leaflets and brought out through the wall of the 
left ventricle to provide optimum control of 
valve competency. The prosthetic valve has 
been inserted in twenty-five dogs during cardio- 
pulmonary bypass. The left atrial pressure 
recorded in several of the dogs living up to 40 
hours following insertion of the valve ranged 
from 8 to 12 mm. Hg. The function of the 
valve has been tested in the laboratory in a 
pulse duplicator. In the intact heart placed in 
the duplicator, motion of the leaflets of the 
prosthesis was assessed at varying pulse rates 
and atrial filling pressures and proved satis- 
factory. The relations of flow and pressure for 
the valve were evaluated in a rigid system 
with undirectional flow and no detectable pres- 
sure gradient could be measured with flows 
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up to 100 cc. per second. In this plastic testing 
chamber, the flexible leaflets close at a static 
pressure of 1 mm. Hg and begin to invert at a 
pressure of 9 mm. Hg demonstrating the re- 
straining support of artificial chordae tend- 
ineae. 

Complete replacement of the mitral valve 
has been carried out in several patients. One 
of the patients with severe mitral regurgitation 
lived 3 months following insertion of the pros- 
thesis and when seen 2!/2 months following 
surgery was doing well. She had only a grade 
1/6 systolic murmur as compared to the grade 
5/6 murmur heard preoperatively. Two weeks 
later she died, shortly after admission to her 
local hospital following the onset of an acute 
illness. There was no evidence of systemic 
embolization at autopsy examination. No clot 
was evident around the valve. The leaflets 
were covered with a shiny deposition of fibrin 
and were flexible and mobile. .The orifice 
was patent and the sites of implantation of the 
chordae in the ventricle were smoothly healed. 
Although examination of this valve, which had 
been in situ for 3 months, is encouraging, 
further modifications of the design and method 
of fabrication are being undertaken in an 
attempt to provide further improvements in the 
hemodynamic function of the prosthesis. 
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PRESIDENT’S COLUMN 


The Boards 


N Most American homes, December is a 
I special month. The festivities of Christmas 
are happy events for all and it is difficult to 
appreciate that in perhaps a thousand homes 
of this land, the last days of December are as- 
sociated with a strange anticipation, mixed with 
dread and hope. In these thousand homes, 
daily routines continue with the man stoically 
going about his professional life and the loyal 
wife quietly and fearfully managing home and 
family. 

Even the children know that a certain mys- 
terious shadow is upon the house. Although 
the children may not fully comprehend the family 
vigil, they do know that in some manner the 
answer rests with the morning mail and that 
until a certain envelope arrives many of the 
family plans seem suspended. This expected 
letter has a power which relates to many deci- 
sions, questions of new car, new home, even 
move to new city . . . all family plans have come 
toa pause. Daddy is waiting for the letter from 
THE BOARDS. 

To a layman, none of this quite makes sense. 
Isn’t the man already a physician? Doesn’t he 
already have a reputation, a practice, security? 
What can possibly be in jeopardy? Why take 
such an examination and if one does, why be 
so concerned? Even within the profession, 
very few understand the very special significance 
of the American Board of Internal Medicine. 
The three long, punishing, penurious years of 
residency followed by two years of stress while 
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building a practice and “getting ready” tells 
only part of the story. Add to this the multiple 
lunch table Conversations at which time success- 
ful earlier penitents list their scars and recite 
the seemingly impossible questions which faced 
them, and add to this the not-so-silent suffering 
of the man’s wife during these long years, and 
add to this that greatest internal prod of all— 
the man’s pride—only then can one feel the real 
reasons for the tension and share the lonely mo- 
ment of ripping open the December envelope 
and scanning for the words “‘have passed.” 

The American Boards, in all of the specialties, 
are very significant factors in the American 
medical scene. Quarrels relative to the prestige, 
the income, the hospital privileges, of the gen- 
eralists versus the specialists serve but to ob- 
scure the true importance of the Boards. The 
Boards are a demonstration of the power of 
civilian self regulation. Totally unrelated to 
governmental structure, and unrelated to any 
compulsory requirement, the Boards are means 
whereby a physician voluntarily demonstrates 
his measure and, in turn, the public can feel 
secure in this measure. 

Discipline, stress, study, tension, persistence, 
anxiety, hope, fatigue, work, purposes... 
these are the ingredients of the Boards... and 
strangely enough, even after December, one 
finds that these are the qualities that continue 
to make the difference. 

E. Grey Drwonn, M.D. 
President 
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AMERICAN COLLEGE OF CARDIOLOGY 
Workshop Program 


January 10, 11 and 12, 1962, Peter Bent Brigham Hospital, Boston, Massachusetts 


Wednesday, January 10, 8 :30 a.m.—5 :30 p.m. 72 :00—Lunch 
Introduction 5. Newer Developments in Congenital Heart Dis- 
1. Some Clues in the Diagnosis of Heart Disease. case. 


SAMUEL A. LEVINE, M.D. ALEXANDER S. NADAS, M.D. 
2. 1. Pulmonary Hypertension. 6. Diabetes and Cardiovascular Disease. 


nu. The Place for Hemodynamic Studies in Clini- GEorGE CAHILL, M.D. 
cal Practice. 7. Medical and Surgical Clinics. 


Lewis DEXTER, M.D. 
70:30 a.m.—Intermission 
3. Current Problems in the Use of Digitalis Drugs. 


6:00 p.m.—Cocktails 
7:30 p.m.—Dinner 


BERNARD Lown, M.D. 
4. Ventricular Versus Supraventricular Tachy- Friday, January 12, 8:30 a.m.—5 :00 p.m. 
cardia. 1. Radio-electrocardiography. 
Haro_p LEvIng, M.D. SAMUEL BELLET, M.D. 
12 :00—Lunch 2. Studies of Sodium and Potassium in Heart Dis- 
ease. 


5. Operation 
Demonstration of heart-lung machine in open 
surgery for the correction of an atrial septal 


GeorcE R. MENEELY, M.D. 
3. Mepicat Granp Rounps (Emphasizing Cardio- 


defect. vascular Disease). 
5:30 4. Cardiologist See the Patient Before 
Thursday, January 11, 8:30 a.m.—6 :00 p.m. ati VANDAM, M.D. 
1. Surgical Biochemistry of Heart Failure. 5. Pulmonary Function Testing. 
Francis D. Moore, M.D. WarrREN J. TAYLOR, M.D. 
2. Angina and the Coronary Circulation. 6. Assisted Circulation. 
R1cHARD GORLIN, M.D. ARMAND A. LEFEMINE 
10 :30—Intermission 1:GO—Lunch 
3. Life Cycles in Acquired Heart Disease, with and ‘ 
Without Surgery. 7. Operation. 
Laurence B. ELLs, M.D. Mitral Valvuloplasty for Mitral Stenosis. 
4. Embolism, Central and Peripheral—Its Cause, 8. Question Period. 


“Last Crack at the Experts” (as many of the 


Prevention and Treatment. 
speakers as possible will return). 


CHILTON CRANE, M.D. 


Registration Form 


WORKSHOP REGISTRATION 
PeTER Bent BriGHAM HospiTA., Boston, Mass. 
JANUARY 10, 11, 12, 1962 


Advance Enrollment Required 
Course Limit, 700 


Please enroll me for the Workshop. I enclose my check as follows: 
Workshop fee $25.00. Includes cocktails—dinner—incidentals. 


**AMERICAN COLLEGE OF CARDIOLOGY” 
Dr. John J. Hartigan 
Lawrence, Massachusetts 
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E DEATH of Dr. Gustav Nylin on August 6, 1961, 

was a shock to anyone who knew him and 
admired him as one of the leaders of European 
Cardiology. 

Dr. Nylin was born in London but graduated in 
Medicine in Uppsala, Sweden in 1922. He worked 
for some time as a practitioner in a district not far 
from Stockholm, then became interested in some 
unusual clinical cases and published his first study in 
1926. For severz! years he made innumerable 
measurements in 2,000 children, and these observa- 
tions resulted in his doctoral thesis on “Periodical 
Variations of Growth.” He then felt the urge to 
continue scientific investigations and became Assist- 
ant in the Medical Clinic of the Seraphimer Hospital. 
He stayed there for 5 years, during which time he 
maintained close contact with the Department of 
Pharmacology. 

He applied Grollman’s method for determination 
of cardiac output to various problems including the 
output of children (1931) and the effect of pneumo- 
thorax (1933). The relationship between cardiac 
volume and cardiac output was studied in 1933, the 
effect of posture on blood flow, in 1934. In 1935 he 
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published a complex study entitled ‘““The Physiology 
of the Circulation during Puberty.” 

He became chief of the Cardiology Department of 
the Seraphimer Hospital in 1933 and maintained 
this position until 1939. 

Dr. Nylin was Lecturer of Medicine at the Royal 
Caroline Institute of Stockholm from 1936 to 1940, 
Acting Professor of Medicine in 1938 and 1939, 
Physician in Chief at the Second Medical Clinic from 
1939 to 1946, and then Chief of the Cardiovascular 
Clinic of the Séder Hospital from 1946 to 1958. He 
was made Honorary Professor of Medicine in 1946 
and Chief of the Isotope Research Laboratory from 
1958 to his death. 

Numerous problems connected with cardiac vol- 
ume, cardiac output and blood volume were investi- 
gated by Professor Nylin and his co-workers for several 
years. One of his studies (1933) described a func- 
tional test for evaluating cardiac efficiency through 
measurement of the oxygen debt caused by @ standard 
exercise test. 

Professor Nylin’s belief tha* a successful study of 
disease presupposes a certain amount of specialization 
led him to transform his department into a “heart 
clinic” in 1946. This was the first of its kind in 
Europe, and probably in the world. This clinic 
consisted of an outpatient department and a 103 bed 
hospital plus well equipped laboratories including 
laboratories of electrocardiography, hypoxia tests, 
fluoroscopy, phonocardiography, cardiopulmonary © 
function tests and isotope studies, as well as special 
teams for the study of congenital heart disease and 
peripheral vascular diseases. 

Among his outstanding studies, one should remem- 
ber those on “‘residual blood”’ of the heart, determi- 
nation of circulation time and blood volume with 
tagged red cells, roentgenologic determination of 
cardiac volume, special electrocardiographic leads 
and many others. 

Professor Nylin was a Fellow of the Royal College 
of Physicians (London). He was one of the founders 
of the Swedish, the European, and the International 
Cardiological Societies. He was the President of 
both the First (1952) and the Second (1956) European 
Congresses of Cardiology. He worked in Austria, 
Germany, Great Britain, and the United States 
(among other centers, he worked in Boston and in 
Berkeley). He was a Visiting Professor in the 
Universities of Egypt and Brazil. 

With the death of Professor Nylin at the age of 68, 
the world lost one of the best known and most ad- 
mired European cardiologists. 

Apo A. LUISADA, M.D., F.A.C.C., 
Chicago, Illinois 


ustav in - 
vies 
55 
j 
ay 
921 
4 


PUBLISHER’S INFORMATION PAGE 


The Editors and Publishers of THE AMERICAN JOURNAL OF CARDIOLOGY welcome 


concise articles on new findings in cardiology. Asis customary in professional publications, 


statements in articles are the responsibility of the authors; articles must be contributed 
solely to THE AMERICAN JOURNAL OF CARDIOLOGY; material is copyrighted and 


may not be reproduced without permission of the publishers. 


Preparation of Manuscripts 


Authors are requested to follow these instructions 
carefully in preparing manuscripts: Please double 
space with good margins; type on one side of the 
sheet only; make a carbon copy for yourself and send 
the original with one carbon copy to the editorial of- 
fice, 466 Lexington Avenue, New York 17, New 
York; include full name, degrees, staff position and 
affiliation; list bibliographic references in numerical 
order as referred to in text at the end of the article 
(not in footnotes). Please make certain each 
reference contains the name of author with initials; 
title of article; name of periodical with volume, page 
and year. For example: Lev, M. and Rowzartrt, 
U. F. Pathology of mixed levocardia. A review of 
thirteen cases of atrial or ventricular inversion with 
or without corrected transposition. Am. J. Cardiol., 
8:216, 1961. 


Preparation of Illustrations 


So that your article will be presented most effec- 
tively, illustrations must be glossy prints or profes- 
sional drawings in black ink (never in blue; it will 
not reproduce well). All printing on illustrations 
should be done professionally or with heavy type. 
Reference to all illustrations should be inserted in the 
text in consecutive order. Please follow these 
identification instructions: Write the figure number 


and the author’s name on the back of each illustra- 
tion and indicate the top. 


Type legends for illustrations on a separate sheet 
with numbers corresponding to those on the photo- 
graphs or drawings. Please do not attach legends 
to the pictures. 


A reasonable number of illustrations are supplied free 
of cost; we know the authors will understand that 
special arrangements must be made with the publish- 
ers for excess illustrations and tables. 


Reviews, Abstracts 


Books for review may be sent directly to the Editor, 
Simon Dack, m.p., The American Journal of 
Cardiology, 466 Lexington Avenue, New York 17. 


Permission to abstract must be obtained from the 


_ publisher. Only paid circulation journals will be 


permitted to abstract. 


Reprints 

Orders for reprints of articles should be sent directly 
to the Publisher, The American Journal of 
Cardiology, 466 Lexington Avenue, New York 17, 
New York. Prices are quoted after articles are 
published. 


The American Journal of Cardiology 
466 Lexington Avenue, New York 17, New York 


THE AMERICAN JOURNAL OF CARDIOLOGY 


| 
| 
it 
Me 
jal 
ie 
| 
te 
fi 
Vion 
922 
hak 


Abarquez, R. F., 448 
Abildskov, J. A., 485 
Aerichide, N., 113 
Agress, C, M., 22 
Allenstein, B. J., 614 
Alley, R. D., 270 

Alt, W. J., 184 
Amad, K., 633 
Anderson, R. S., 178 
Andrén, L., 109 
Armbrust, C. A., Jr., 471 


Baker, D. H., 311 
Ball, C. O. T., 178 
Banerjee, K., 431 
Barnard, C. N., 100 
Beck, W., 341 

Bellet, S., 1, 385, 819 
Beregovich, J., 838 
Berliner, K., 10 
Bernstein, W. H., 369 
Bertelli, G., 63 
Blumenthal, S., 311 
Bohr, D. F., 549 
Boiteau, G. M., 614 
Bor, N. M., 41 
Boucek, R. J., 369 
Bousvaros, G. A., 328 
Brest, A. N., 815 
Bristow, J. D., 358 
Burchell, H. B., 193 


Calhoun, C., 178 
Campeau, L., 113 
Caniggia, A., 63 
Carmichael, D. B., 846 
Castellanos, M., 664 
Chapman, D. W., 633 
Charms, B. L., 94 
Ciesielski, J., 18 
Clark, L. C., Jr., 659 
Coelho, E., 624 
Cohen, M., 443 
Cohen, W., 485 
Coles, R. M., 165 
Conway, J., 884 
Cooley, D. A., 633 
Corcoran, A. C., 887 
Corday, E., 32, 611 
Cornell, W. P., 282 
-Curran, R. L., 453 


Dahl, L. K., 571, 705, 726 
Daoud, A. S., 165 
Darby, W. J., 527, 748 


DECEMBER 1961 


Davalos, P. A., 374 
Davidson, D. G., 846 
Davies, J. N. P., 165 
de Balderrama, D. P., 664 
Deliyiannis, S., 385 
di Bartolo, G., 51 
Dickstein, E. R., 1 
Drake, E. H., 319 
Dreifus, L. S., 815 
Duarte, C., 815 
Dussaillant, G., 838 
Dutrey, D. E., 319 


Edwards, J. E., 193 
Edwards, K., 659 
Ekmekci, A., 493 
Eliakim, M., 385 
Ellis, F. H., Jr., 288 


Feinberg, L. J., 1 
Fernandez, B., 130 
Fields, L. G., 22 
Finkelstein, D., 140 
Florentin, R. A., 165 
Florenzano, R., 838 


. Folse, R., 282 


Forte, A. L., 513 

Fox, R. P., 659 

Freed, S. C., 737 

Fregly, M. J., 526, 694, 732, 870, 890 
Freis, E. D., 880 

Friedman, C. L., 564 

Friedman, I. H., 649 

Friedman, S. M., 564 

Fujiy, H., 10 


Gadboys, H. L., 854 
Gallaher, M. E., 659 
Gamboa, R., 767 
Garnier, B., 10 
Gelman, S., 649 
Gigee, W. R., 203 
Gilbert, G., 113 
Gilson, J. S., 212 
Goldberger, E., 757 
Goldman, A. S., 675 
Gonzalez, J. V., 694 
Gordon, D. B., 557 
Gordon, F., 819 
Goulet, P. L., 549 
Greenwood, R. J., 140 
Griffing, R. B., 212 
Griffith, G. C., 792 
Griffiths, S. P., 311 
Griswold, H. E., 358 


923 


AUTHOR INDEX VOLUME VIII 


Grollman, A., 593 
Gutelius, J., 379 
Guyton, A. C., 401 


Haddy, F. J., 533 
Haden, R. F., 420 
Hall, C. E., 719 
Hall, O., 719 

Hall, P., 109 
Hanson, J. S., 275 
Hara, M., 125 
Hegde, B., 792 
Hegglin, R., 350 
Heine, M., 726 
Hernandez, R. R., 835 
Horisberger, B., 481 
Horlick, L., 459 
Hunt, J. C., 288 
Hyde, P. M., 700 


Ingle, D. J., 582 
Irving, D. W., 32, 611 
Isler, H., 688 


Jacobs, M., 72 
Jarcho, S., 264, 508, 843 
Johansson, B. W., 76, 109 


Kaplan, S., 659 
Kaufmann, G., 350 
Kausel, H. W., 270 
Kodama, R., 815 
Koletsky, S., 576 
Krook, H., 109 


La Due, J. S., 448 
Lamb, L. E., 521 
Langsjoen, P. H., 420 
Lauwers, P., 884 

Lee, D. H., 10 
Lemley-Stone, J., 527, 748 
Lev, M., 216 

Levine, O. R., 311 
Litwak, R. S., 854 
Livesay, W. R., 471 
Lodone, M., 63 

Lopez y Lopez, J., 664 
Lord, J. W., Jr., 649 
Lowenfels, A. B., 649 
Luisada, A. A., 51, 155 


Macmillan, W. H., 203 
Malach, M., 799 
Mallov, S., 542 

Malm, A., 109 


% 
- 
ah 
| 
| 
' 
a 
Ve 
at 
pa 


924 


Manzoli, U., 819, 829 
Mattman, P. E., 426 
McIntosh, H. D., 835 
Menashe, V. D., 358 
Meneely, G. R., 178, 527, 748 
Meyers, R. M., 859 
Miller, D. E., 835 
Mizuno, Y., 493 
Molnar, J. I., 533 
Monheit, R., 140 
Morris, J. J., 835 
Moyer, J. H., 815 
Muller, R. M., 22 


Naeye, R. L., 416 
Nagaya, T., 493 
Nellen, M., 341 
Neufeld, H. N., 193 
Neumann, M., 504 
Nichols, H. T., 130 
Nogueira, A. T., 557 


Oblath, R. W., 792 
Olsson, N., 109 
Overbeck, H. W., 533 
Owens, J. C., 471 


Pastor, B. H., 513 
Payne, W. S., 288 
Peace, R. J., 519 
Penaloza, D., 767 
Penneys, R., 829 
Pimentel, C., 624 
Prinzmetal, M., 493 


Raab, W., 203 
Radford, E. P., Jr., 863 
Reich, R., 504 

Renkin, E. M., 741 


Author Index 


Richman, B., 438 

Rieben, A. P., 41 

Roberts, W. C., 282 
Rodbard, S., 18, 481 
Rosenberg, B. A., 799 
Rothfeld, E. L., 72 
Rowlatt, U. F., 216 

Ruiz Villalobos, M. C., 664 
Rutishauser, W., 350 


Sabiston, D. C., Jr., 379 
Samet, P., 369 
Sandberg, H., 1, 819 
Sanghvi, L. M., 147, 293, 431 
Schamroth, L., 682 
Scherlis, L., 780 
Schraeder, J., 819 
Schrire, V., 100, 173, 341 
Scott, R. F., 165 
Sewell, W. H., 374 
Shickman, M. D., 22 
Shoshkes, M., 72 
Shuford, W. H., 374 
Sigler, L., 807, 918 
Sime, F., 767 

Skelton, F. R., 41, 700 
Slonim, R., 854 

Sobel, H. J., 670 
Sommer, L. S., 198 
Spurny, O. M., 125 
Stainsby, W. N., 741 
Stark, E., 203 

Starr, A., 358 

Stern, J. B., 670 
Stoeckle, H., 675 
Stranahan, A., 270 
Straus, R., 443 

Sutin, G. J., 100 
Sutton, W. C., 471 


Swanepoel, A., 341 
Swann, H. G., 899 
Szatkowski, J., 155, 408 
Szilagyi, N., 438 


Tabakin, B. S., 275 
Taran, L. M., 438 
Thomas, J., 178 
Tobian, L., Jr., 684 
Toyoshima, H., 493 
Tsitouris, G., 819 


Uricchio, J. F., 130 
Usman, A., 130 


Van Mierop, L. H. S., 270 
Vasko, J. S., 379 

Veiga, S., 408 

Vincent, W. A., 485 
Vogelpoel, L., 341 
Voudoukis, I. J., 198 


Wagenvoort, C. A., 193 
Wagner, E. L., 471 
Walker, R. H., 443 
Wasserburger, R. H., 184 
Webb, J. A., 675 
Wegner, S., 22 

Weiss, H., 408 

Wenger, N. K., 519 
Whalen, R. E., 835 
Wilburne, M., 22 
Wilgram, G. F., 582 
Wilkinson, R. S., Jr., 485 
Wulff, H., 109 


Yahini, J. H., 408 
Yildiz, M., 10 
Yu-Chen Lee, 780 


Zohman, L. R., 135 


THE AMERICAN JOURNAL OF CARDIOLOGY 


tye 
2 
hel 
. 
As 
4 
ae), 
4 
joy" 
q 


SUBJECT INDEX VOLUME VIII 


(ab.) = Abstracts; (CR) = Cardiac Resuscitation; (DS) = Diagnostic Shelf; (E) = Editorial; (HM) = Historical 
Milestones; (LE) = Letter to the Editor; (PN) = Progress Notes in Cardiology; (WC) Workmen’s Compensation 


Acetylcholine, effect of infusion in pulmonary hyper- 
tension, 94 
Acetyl-strophanthidin, treatment of arrhythmias by, 838 
Acid-base balance, maintenance of, 593 
Adams-Stokes syndrome, 76 
Adhesive index, effect of high fat meals and antico- 
agulants on, 459 
American College of Cardiology 
Announcements, 164 
Call for abstracts, 765 
Committees for 1961-1962, 764 
Dr. Graybiel earns Liljencrantz award for studies in 
space medicine, 309 
Excerpts from proceedings of tenth annual convocation, 
163 
First international circuit course, 607 
Gustav Nylin (1892-1961), 921 
President’s column, 162, 307, 457, 606, 763, 919 
Workshop, 606, 608, 920 
Young Investigator’s award for 1961, 308 
Amy] nitrite, hemodynamic effects of on circulation, 341 
Amyloidosis, primary, 624 
Anode, intravascular polarographic, 659 
Anticoagulant 
effect of on adhesive index, 459 
index of control, 471 
Antihypertensive effect of chlorothiazide, 880 
Aorta 
coarctation of (HM), 264, 843 
complete interruption of, 664 
Aortic 
strips, vascular reactivity of, 557 
valve, rupture of due to strain, 125 
Arrhythmias, atrial, 838 
atrial fibrillation, idiopathic, 193 
cardiac 
effect of on renal and mesenteric circulations, 32 
in myocardial infarction, 147 
treatment of with acetyl-strophanthidin, 838 
Arterial 
occlusion, effect of on fibrinolytic system, 819 
pressure, physiologic regulation of, 401 
sounds, duration of, 18 2 
tissue, sodium-potassium ratio of, 737 
Arteriogram, predominance of coronary arteries by, 379 
Arteriosclerosis, coronary, comparison of incidence in 
East Africans and New Yorkers, 165 
Ascorbic acid, intravascular polarographic anode sens’ 
tive to, 659 


July (pp. 1-164); August (pp. 165-310); S 


Atherosclerosis, platelet adhesiveness in, 459 
Atresia, pulmonary, organic and functional, with intact 
ventricular septum, 100 
Atrial 
arrhythmias, treatment of paroxysmal, 838 
dissociation, 448 
fibrillation, idiopathic, 193 
septal defect, in older age groups, 198 
tumors, heart sound in, 350 
Atrioventricular valve, left, Ebstein’s malformation of, 
270 
Atrium 
left, myxoma of (PN), 757 
right, idiopathic enlargement of, 513 
Auscultation, phenomena of, as revealed by high fre- 
quency phonocardiography, 51 
A-V dissociation, 859 
following ventricular extrasystole (DS), 682 
with interference in partial heart block, 438 


Ballistocardiograph research society (ab.), 302 
Bigeminy, escape-capture, 147 
Biopsy, skin, as diagnostic test in paramyloidosis, 624 
Bleeding episodes, controlled by vitamin K,, 72 
Blood 
flow 
autoregulation of, 741 
resistance to in vascular bed of forelimb, 533 
pressure 
changes in, in rats fed Na and K, 527 
duration of arterial sounds with relation to, 18 
effect of chlorothiazide and hydrochlorothiazide on, 
890 
effect of potassium nitrate on, 732 
measurements in obese persons; comparison of 
intraarterial and auscultatory measurements, 10 
reduction of by chlorothiazide, 884 
regulation of, by potassium and sodium, 737 
seminar on the role of salt in cardiovascular hyper- 
tension, part 1, 526; part n, 684; m, 863 
volume, effect of venous tourniquets on, 369 
Book reviews 
Atrial Septal Defect: An Investigation into the 
Natural History of Congenital Heart Disease 
(Davidsen), 304 
Cardiac Emergencies and Related Disorders (Levine), 
304 
Central Nervous System Control of Circulation. 
Physiological Reviews, Supplement No. 4, 161 


ember (pp. 311-458); October (pp. 459-610); 


November (pp. 611-766); December (pp. 768-930) 


DECEMBER 1961 


ang 
i 
My, 
> 
‘ 
925 


926 Subject Index 


Chemistry of Heart Failure (Holland and Klein), 304 
Cinefluorography (Ramsey et al.), 161 
Congenital Heart Disease (Bass and Moe), 305 
Current Therapy—1961 (Conn), 760 
Der Funktionelle Bau der Herzkammern (Puff), 305 
Diseases of the Newborn (Schaffer), 161 
Electron Microscopy of Cardiovascular 
(Kisch), 159 
Grundriss und Atlas der Elektrokardiographie (Zucker- 
mann), 160 
Index-Handbook of Cardiovascular Agents, 
vol. 2 (1951-1955), Parts 1 and m (Welt), 305 
Missbildungen des menschlichen Herzens-Entwick- 
lungsgeschichte und Pathologie (Barthel), 159 
Myocardosis. Pathogenesis, Clinical Aspects and 
Therapy Concerning the Principles of Metabolic 
Electrocardiography (Wuhrmann and Niggli), 
760 
Pharmacology—the Nature, Action and Use of Drugs, 
ed. 2. (Beckman), 760 
Rheographie, Eine Methode zur Beurteilung, peri- 
pheror Gefasse (Kaindle, Polzer and Schuhfried), 
306 
Treatment of Hypertension (Pickering, Cranston and 
Pears), 761 
Bradykinin, 741 
Brain, glycogenosis involving, 675 
Bundle branch block 
left, in infant, 519 
right, experimental, in normal human heart, 767 
right, following open heart surgery, 780 


System 


Calcium, local effects of, 533 
Cardiac 
arrhythmias 
effect of on renal and mesenteric circulation, 32 
unusual, in myocardial infarction, 147 
bypass, in ventricular aneurysm, 633 
defects, congenital, diagnosis by cineangiocardiog- 
raphy, 275 
Resuscitation 
Present day cardiac resuscitation, 297 
system, evidence of in human embryo, 443 
tamponade, due to hemorrhagic pericarditis, 670 
Cardiodynamic events, relation to vibrocardiogram, 22 
Cardiopexy, phenol-talc, 649 
Cardiothymic image, enlarged, evaluation of in infancy, 
311 
Case discussion by compensation committee (WC), 913 
Catecholamines, effect of liberation of on electrocardio- 
gram, 807 
Catheter, experimental right bundle branch block in- 
duced by, 767 
Catheterization 
hazards of, 835 
left heart, evaluation of in preoperative diagnosis of 
acquired valvular disease, 319 
transseptal left atrial, 835 
Chlorothiazide 
antihypertensive effect of, 880 


effect of on blood pressure, 890 
mode of action of, 884 
Cholesterol, plasma concentration of, due to chronic 
excess salt feeding, 705 
Cineangiocardiography, role of in diagnosis of congenital 
cardiac defects, 275 
Circulation 
bronchial collateral, increased, 282 
extracorporeal, partial, in acute heart failure, 41 
renal and mesenteric, effect of cardiac arrhythmias on, 
32 
Coagulation mechanism, effect of vitamin K,; on, 72 
Coarctation 
of aorta (HM), 264 
of pulmonary artery, and pulmonary valvular stenosis, 
109 
Conduction, concealed retrograde (DS), 682 
Congenital 
anomaly 
absence of pulmonary valve, 113 
coronary arteriovenous fistula, 846 
idiopathic enlargement of right atrium, 513 
of coronary artery, 854 
defects, corrected transposition of the great vessels, 288 
malformation, absence of pulmonary valve, 113 
Cor pulmonale, secondary to respiratory center damage, 
416 
Coronary 
arteriosclerosis, in East Africans and New Yorkers, 165 
artery 
aberrant origin of, 130 
anomalous, 854 
left, rudimentary, 519 
roentgenologic visualization of, 374 
predominance of determined by arteriogram and 
perfusion, 379 
occlusion, electrocardiographic changes at onset of, 521 
Correction, total, of tetralogy of Fallot, 358 
Corticosterone, plasma levels of in rat, 700 


Dextrocardia 
corrected transposition of great vessels in, 288 
primary and secondary, differentiation of, 275 
role of cineangiocardiography in diagnosis of, 275 
Diagnosis 
preoperative, of acquired valvular disease, 319 
value of phonocardiography in, 51 
Diet 
high fat, effect of on adhesive index, 459 
low salt, 887 
low sodium, dangers of in acute myocardial infarction, 
300 
Digitalization 
acute, hemodynamic measurements before and after, 
135 
combined intravenous and oral, 504 
Dissociation 
atrial, 448 
isorhythmic (DS), 293 
Diuretics, in therapy of hypertension, 887 


THE AMERICAN JOURNAL OF CARDIOLOGY 


| 
| 
| 

ie 

} 

rf 
Pigs 

x 
te 
& 

* 
; 
: le 
= 
; 
od 


Subject Index 


Drugs, antiadrenergic, prevention of myocardial lesions 
by, 203 


Eberle, John, lectures on medicine (1827) (HM), 508 
Ebstein’s anomaly, of left atrioventricular valve, 270 
Ebstein’s malformation, of left atrioventricular valve, 270 
Edema, role of salt in, 593 
Editorial 
Recognizing compensated shock, 611 
Effusion, hemorrhagic pericardial, with electrical 
alternans, 453 
Electrical alternans, associated with hemorrhagic peri- 
cardial effusion, 453 
Electrocardiogram 
abnormalities in induced by emotional strain, 807 
changes in noted at onset of coronary occlusion and 
myocardial infarction, 521 
continuous, 212 
during exercise, 385 
effects of localized myocardial lesions on, 485 
in right bundle branch branch block, 767, 780 
ischemic patterns in mammalian ventricles, 493 
recording in human.embryo, 443 
Electrocardiography, continuous, of active persons (PN), 
603 
Electrodes, and lead systems, 212 
Electrogram, intracellular, 493 
Electrolytes 
metabolism of and relation to water metabolism, 863 
role of in contraction of smooth muscle, 549 
Embryo, electrocardiographic recording in, 443 
Emotional strain, abnormalities in electrocardiogram 
induced by, 807 
Endocardial fibroelastosis (LE), 759 
Enlargement, idiopathic, of right atrium, 513 
Exercise 
duration of arterial sounds with relation to, 18 
electrocardiogram during, 385 
Extracorporeal circulation, partial, in acute heart 
failure, 41 
Extrasystole, ventricular, with nodal rhythm and A-V 
dissociation (DS), 682 


Failure, acute left ventricular, improvement after 
venous tourniquets, 369 

Fatigue, and pain in contracting ischemic muscle, 481 

Fibrillation, idiopathic atrial, 193 

Fibrinolytic system, effect of arterial occlusion on, 819 

Fibroelastosis, endocardial (LE), 759 

Fistula, congenital coronary arteriovenous, 846 

Fluid volume, role of salt in maintenance of, 593 

Frequency analysis of vibrations, and high speed phono- 
cardiography, 63 


Glutamic oxalacetic transaminase, serum enzyme 
activity of, 829 

Glycogenosis, generalized, 675 

Glycosides, digitalization by, 504 

Goiter, in rats, due to thyrotropic hormone, 688 


DECEMBER 1961 


Graham, Robert (HM), 264 


Heart 
block 
partial, A-V dissociation with interference in, 438 
S-A with coronary sinus rhythm, 147 
sinoatrial, with Wenckebach phenomenon, 140 
disease 
compensated or uncompensated, effect of venous 
tourniquets on, 369 
congenital 
and acquired, effect of norepinephrine, on, 328 
intact ventricular septum, 100 
pulmonary atresia, 100 
ischemic, racial incidence of, 173 
failure, acute, partial extracorporeal circulation in, 41 
glycogenosis, 675 
sounds, in atrial tumors, 350 
Hemodynamic disturbances, responsible for hyperten- 
sion, 899 
Hemopericardium, traumatic (PN), 918 
Historical milestones 
Coarctation of the aorta (Robert Graham, 1814), 264 
Coarctation of the aorta (Otto, 1824; Bertin, 1824), 
843 
John Eberle’s lectures on medicine (1827), 508 
Homeostasis, of arterial pressure, 401 
Hydrochlorothiazide 
effect of on blood pressure, 890 
pattern of uric acid excretion after administration of, 
815 
Hypercholesterolemia, experimental, from chronic excess 
salt feeding, 705 
Hypertension 
and renal cardiovascular pathology, 582 
and sea salt and sodium chloride, 726 
cardiovascular, role of salt in, seminar, 526, 684, 863 
corticoid, role of sodium and lithium supplements in, 
719 
effect of on vascular reactivity, 542 
essential, excess salt consumption in, 571 
experimental 
in rat, 700 
induced by salt, 576 
metacorticoid, role of sodium and lithium supplements 
in, 719 
primary pulmonary, effect of pulmonary artery 
occlusion and acetylcholine, 94 
pulmonary, bronchial collateral circulation in, 282 
reduction of blood pressure by cholorothiazide in, 884 
regulation of NaCl intake in, 870 
renal, 684, 694 
renal, primary stimulus in, 899 
role of salt in, 593 
seminar on the role of salt in cardiovascular hyper- 
tension, part 1, 526; part m, 684; part m, 863 
sodium restriction in, 887 
vascular hyperreactivity in, 557 
Hypertensive heart disease, physical strain in (WC), 913 
Hypertonicity, 533 


Ago 
2 
927 

we 

\ 
te 
a2 
24 af 


928 


Hypertrophy, cardiac, prevention of by chlorothiazide 
and hypochlorothiazide, 890 

Hypoprothrombinemia, _bishydroxycoumarin-induced, 
vitamin K, in, 72 

Hypotension, idiopathic postural, 135 

Hypotonicity, 533 

Hypoventilation, alveolar, 416 


[1triolein, disappearance curves of in human subjects, 1 
Image intensifier, monitoring of catheterization by, 835 
Infarction 
atrial, acute with ventricular myocardial infarction, 
448 
myocardial 
acute, dangers of low sodium diet in, 300 
acute, racial incidence of, 178 
cardiac arrhythmias in, 147 
electrocardiographic changes at onset of, 521 
racial incidence of, 165, 173 
removal of pheochromocytoma after, 426 
Insufficiency, pulmonic vs. aortic (DS), 155 
Inversion, atrial or ventricular, with or without corrected 
transposition, 216 
Ischemia 
myocardial, electrocardiographic patterns in ven- 
tricles, 493 
severe muscular, produced by experimental emboliza- 
tion, 829 
surgically-induced, phenol-talc procedure for relief of, 
649 
Isocitric dehydrogenase, serum enzyme activities of, 829 


Juxtagiomerular apparatus, effect of salt on, 684 


Kidney 


characteristics of natural distention in, 899 
effect of salt on, 684 


Lactic dehydrogenase, serum enzyme activities of, 829 
Lead systems, and electrodes, 212 
Lesions 
myocardial 
electrocardiographic effects of, 485 
stress-induced, origin and prevention of, 203 
Letters to the Editor 
Endocardial fibroelastosis, 759 
Muscular subaortic stenosis, 605 
Levocardia, mixed, pathologic anatomy of, 216 
Lithium, role of added supplements of in hypertension, 
719 
Low sodium diet in acute myocardial infarction (PN), 
300 
Lycopodium spores, embolization of dogs with, 819 


Magnesium, local effects of, 533 
Measurements, comparisons of intraarterial and ausculta- 
tory blood pressure in obese persons, 10 


Subject Index 


Medicine, John Eberle’s lectures on (1827) (HM), 508 
Metabolic changes, intracellular, 493 
Metabolism 
iodide, effect of sodium chloride on, 688 
of water and electrolytes, 863 
Mitral stenosis, pulmonic and aortic insufficiency in 
(DS), 155 
Mitral valve, replacement of (PN), 918 
Murmur 
cardiac, effects of amyl nitrite and phenylephrine on, 
341 
fundamental frequencies of, 63 
machinery, 846 
systolic, in children (PN), 757 
Muscle, contracting ischemic, relation between pain and 
fatigue in, 481 
Myocardial infarction 
acute, dangers of low sodium diet in, 300 
acute, racial incidence of, 178 
cardiac arrhythmias in, 147 
cardiac rupture in, 792 
electrocardiographic changes at onset of, 521 
incidence of in city hospital, 799 
incidence of in county hospital, 792 
racial incidence of, 165, 173 
Myocardial ischemia, nature of electrocardiographic 
patterns in, 493 
Myocardial revascularization, phenol-talc procedure in, 
649 
Myocardial rupture, factors in, 792 
Myocarditis, chronic, unusual effects of, 408 
Myocardium 
involvement of in penicillin reaction, 420 
lesions of 
electrocardiographic effects of, 485 
stress-induced, origin and prevention, 203 
Myxoma of the left atrium (PN), 757 


Nephrosclerosis, effect of salt on, 582 

Nervous system, autonomic, effect of stimulation on elec- 
trocardiogram, 807 

Nodal rhythm, temporary, following ventricular extra- 
systole (DS), 682 

Norepinephrine, effect of on heart disease, 328 

Nylin, G., 21 


Obese persons, blood pressure measurements in, 10 
Occlusion, coronary, changes noted at onset of, 521 
Open heart surgery 

bundle branch block in, 780 

complications of (PN), 456 
Organ weight, ratio to body weight, 732 


P ain, relation to contracting ischemic muscle, 481 
Panel discussions, role of salt in cardiovascular hyper- 
tension, 559, 587, 601, 714, 754, 906, 909 

Paramyloidosis, cardiac involvement in, 624 


THE AMERICAN JOURNAL OF CARDIOLOGY 


“pt 
The 
vane 
% 
RUA 


Subject Index 929 


Pathogenesis 
of hypertension, 576, 582 
Perfusion, predominance of coronary arteries by, 379 
Pericarditis 
acute, distinguished from normal RS-T segment ele- 
vation variant, 184 
hemorrhagic rheumatoid, 670 
Pericardium, hemorrhagic effusion of with electrical 
_ alternans, 453 
Phenol-talc procedure in myocardial revascularization, 
649 
Phenylephrine, hemodynamic effects of, 341 
Pheochromocytoma, removal of after myocardial in- 
farction, 426 
Phonocardiogram 
high frequency, 51 
high speed, 63 
in diagnosis of right atrial tumors, 350 
Physical strain in hypertensive heart disease (WC), 913 
Phytonadione, colloidally suspended, 72 
Plasma volume, reduction of by chlorothiazide, 880 
Platelet adhesiveness, in normal and atherosclerotic 


persons, 459 

Polyurethane foam, replacement of mitral valve with 
(PN), 918 

Postural hypotension, idiopathic, 135 

Potassium 


and relation to sodium, 737 
changes in blood pressure related to, 527 
effect of 
on body content, 748 
on blood pressure, 732 
on vascular smooth muscle, 549 
exchange in vasoconstriction and vasodilatation, 564 
excretion of after hydrochlorothiazide, 815 
local effects of, 533 
role of in blood pressure, 737 
Pressure, arterial, physiologic regulation of, 401 
Progress notes 
Complications of open heart operations, 456 
Dangers of a low sodium diet in the treatment of acute 
myocardial infarction, 300 
Innocent systolic murmur in children, 757 
Long period continuous electrocardiography of active 
persons, 603 
Myxoma of the left atrium, 757 
Postpericardictomy syndrome following traumatic 
hemopericardium, 918 
Replacement of mitral valve with a flexible polyure- 
thane foam, 918 
Prosthesis, Teflon, 664 : 
Prothrombin 
concentration of as index of anticoagulant control, 471 
times, elevated, reduced by vitamin K,, 72 
Pulmonary 
artery 
coarctation of and pulmonary vavular stenosis, 109 
occlusion, unilateral, effect of in primary pulmonary 
hypertension, 94 


DECEMBER 1961 


atresia, organic and functional with intact ventricular 
septum, 100 
hypertension, primary, effect of pulmonary artery oc- 
clusion and infusion of acetylcholine, 94 
valve, absence of, 113 
Pulse contour measurement, 614 
Pump oxygenator, in cardiac bypass, 633 


Racial incidence 
of acute myocardial infarction, 178 
of coronary arteriosclerosis, 165 
of essential hypertension, 571 
of ischemic heart disease, 173 
Radioelectrocardiography, during exercise, 385 
Reactivity, vascular 
effect of hypertension and NaCl on, 542 
of aortic strips, 557 
Reciprocal rhythm, 859 
Renal hypertension 
activity of thyroid gland during development of, 694 
primary stimulus in, 899 
Respiratory center, damage to, 416 
Resuscitation, cardiac, present day (CR), 297 
Retrograde block 
exhibited in reciprocal rhythm, 859 
conduction, concealed, 682 
Revascularization, myocardial, 649 
Rheumatoid pericarditis, hemorrhagic, 670 
Rhythm, coronary sinus, 147 
Roentgenogram, visualization of coronary arteries, by, 
374 
RS-T segment elevation variant, normal, 184 
Rupture, of aortic valve due to strain, 125 


S-A block, with coronary sinus rhythm, 147 
Salt 
chronic excess feeding of resulting in hypercholesterol- 
emia, 705 
effect of 
on iodide metabolism, 688 
on kidney and juxtaglomerular apparatus, 684 
on thyroid gland, 688 
excess consumption of, in essential hypertension, 571 
in cardiovascular hypertension, seminar, 526, 684, 863 
intake of in experimental hypertension, 700 
role of in health and disease, 593 
sea, enhanced hypertensogenic effect of, 726 
Salt-loading 
effect of on hypertension, 582 
in hypertensive vascular disease, 576 
Seminar on the role of salt in cardiovascular hyper- 
tension, part 1, 526; part n, 684: part m, 863 
Septal defect 
atrial, in older age groups, 198 
ventricular, with subpulmonary stenosis, 270 
Septum, intact ventricular, with pulmonary atresia, 100 
Serum enzyme activities, after embolization, 829 
Shock, recognizing compensated (E), 611 
Shunt 
left to right, 846 
right to left, localization of, 659 


MUNG 
j 
ot 
| 
- 
Pio 
4 


930 Subject Index 


Skeletal muscie, glycogenosis involving, 675 
Smooth muscle, vascular, electrolyte composition in, 
549 
Sodium 
and relation to potassium, 737 
changes in blood pressure related to, 527 
defective metabolism of, 576 
dietary restriction of, 593 
effect of 
on body content, 748 
on vascular reactivity, 542 
on vascular smooth muscle, 549 
exchange in vasoconstriction and vasodilatation, 564 
excretion, after hydrochlorothiazide, 815 
experimental hypertension induced by, 576 
hypertensogenic effect of compared to sea salt, 726 
local effects of, 533 
regulation of intake of, 870 
restriction, changing status of, 887 
role of added supplements of in hypertension, 719 
role of in blood pressure regulation, 737 
Sodium: potassium, dietary ratio, 748 
Spirolactone, effect of on blood pressure, 890 
Stenosis 
hypertrophic subaortic, 614 
mitral 
evaluation by left heart catherization, 319 
pulmonic and aortic insufficiency in (DS), 155 
valvular, pulmonary and coarctation of the pulmonary 
artery, 109 
Steroid administration, thymolytic effect of, 311 
Strain 
physical, in hypertensive heart disease (WC), 913 
rupture of aortic valve due to, 125 
' Stress, myocardial lesions induced by, 203 
Symposium 
Role of salt in cardiovascular hypertension 
part 1, 526 
part 11, 684 
part m1, 863 
Syndrome 
Adams-Stokes, review of, 76 
Wolff-Parkinson-White, associated with thyrotoxicosis, 
431 
System, radioelectrocardiographic, 385 


Tachycardia, A-V nodal, 147 
Tetralogy of Fallot 
complications and results of total correction, 358 
Thyroid activity, effect of chlorothiazide and hydro- 
chlorothiazide on, 890 


Thyroid giand 
activity of during development of renal hypertension, 
694 
effect of sodium chloride on, 688 
Thyrotoxicosis, associated with Wolff-Parkinson-White 
syndrome, 431 
Tourniquets 
duration of arterial sounds with relation to, 18 
venous, effect of on blood volume, 369 
Transposition 
corrected 
with atrial or ventricular inversion, 216 
with stenosis and ventricular septal defect, 270 
of great vessels, 282 
congenital, corrected, 288 
Tumors, atrial, heart sounds in, 350 


Uric acid excretion, pattern of after hydrochlorothia- 
zide, 815 


Valve 


aortic, rupture of due to strain, 125 
left atrioventricular, Ebstein’s malformation of, 270 
pulmonary, absence of, 113 
Valvular disease, acquired, preoperative diagnosis of, 
319 
Vascular beds, peripheral, autoregulation of blood flow 
in, 741 
Vascular resistance, peripheral, 564 
Vasoconstriction, sodium and potassium exchange in, 
564 
Vasodilation, sodium and potassium exchange in, 564 
Vectorcardiogram, in right bundle branch block, 767, 
780 
Veins, laceration of by catheter, 835 
Ventricles, mammalian, ischemic electrocardiographic 
patterns in, 493 
Ventricular aneurysm, 633 
Ventricular septum, intact, with pulmonary atresia, 100 
Vibrations, frequency analysis of and high speed phono- 
cardiographby, 63 


. Vibrocardiogram 


normal, 22 
physiologic variations and relation to cardiodynamic 
events, 22 
Vitamin K,, colloidally suspended, 72 
Volume, regulation of, by kidney, 684 


Water and electrolyte metabolism, 863 

Wenckebach periods, reverse, 859 

Wenckebach phenomenon, with sinoatrial heart block, 
140 

Wolff-Parkinson-White 
thyrotoxicosis, 431 


syndrome, associated with 


THE AMERICAN JOURNAL OF CARDIOLOGY 


yy 
i 
ds 
a 
| 
~ 
4 
hay 
| 
Pia 
} 
the 


The American Journal 


Cardiology 


OFFICIAL JOURNAL OF THE AMERICAN COLLEGE OF CARDIOLOGY 


Editor-in-Chief 


Smon DACK, M.D., NEW YORK 


Associate Editors 


SAMUEL BELLET, M.D., PHILADELPHIA Apo A. LUISADA, M.D., cHIcAco 
ASHTON GRAYBIEL, M.D., PENSACOLA GerorcE R. MENEELY, M.D., NASHVILLE 
MyRon PRINZMETAL, M.D., LOS ANGELES 


Assistant Editors 


RAYMOND HARRIS, M.D., ALBANY LesLiz A. KUHN, M.D., NEW YORK 


EDITORIAL CONSULTANTS 


Osler A. Abbott, m.p., Atlanta 


Mariano M. Alimurung, M.D., 
Manila 


Charles P. Bailey, m.p., New York 
Claude S. Beck, m.p., Cleveland 
Richard J. Bing, m.p., Detroit 
Benjamin Boshes, Chicago 
Ignacio Chavez, m.p., Mexico City 
Eduardo Coelho, m.p., Lisbon 


Pedro Cossio, M.p., Buenos Aires 


J. Frank Dammann, Jr., m.p., 
Charlottesville 


David B. Dill, M.pv., Army Chemical 
Center 


Felix G. Fleischner, m.p., Boston 
Benjamin M. Gasul, m.p., Chicago 
John W. Gofman, m.p., Berkeley 


Emanuel Goldberger, m.p., New York 


E. Magalhaes Gomes, m.p., 
Rio de Janeiro 


Donald E. Gregg, m.p., Washington 
Arthur Grishman, m.p., New York 
Arthur C. Guyton, m.p., Jackson 
W. F. Hamilton, px.p., Augusta 
R. Heim de Balsac, m.v., Paris 
Herman E. Hilleboe, m.p., Albany 
Martti J. Karvonen, m.p., Helsinki 
Bruno Kisch, m.p., New York 

Ray W. Kissane, m.p., Columbus 
H. W. Knipping, m.p., Cologne 
John C. Krantz, Jr., m.pv., Baltimore 
John S. LaDue, m.p., New York 
Philip R. Lee, m.v., Palo Alto 
Maurice Lev, m.p., Chicago 
Samuel A. Levine, m.p., Boston 
William Likoff, m.p., Philadelphia 
K. I. Melville, m.p., Montreal 


M. Carlos Monge, m.p., Lima 

John H. Moyer, m.v., Philadelphia 
Alexander S. Nadas, m.p., Boston 
John L. Patterson, Jr., M.p., Richmond 


Arrigo Poppi, M.p., Bologna 
Walter S. Priest, m.p., Chicago 
Wilhelm Raab, m.p., Burlington 
Fernando Herrara Ramon, M.D., 


M 
Stanley J. Sarnoff, m.p., Bethesda 
G. W. H. Schepers, M.p., Wilmington 
David Scherf, m. New York 
Hans Selye, m.p., Montreal 
Louis H. Sigler, m.p., Brooklyn 
Demetrio Sodi-Pallares, M.p., 

Mexico City 
Pierre Soulié, m.p., Paris 
Paul Wood, m.p., London 


Henry A. Zimmerman, M.D. 
Cleveland 


Volume VIII 


JULY—DECEMBER 


1961 


‘Published by 


The Reuben H. Donnelley Corporation 


466 Lexington Avenue, New York 17, New York 


hath) 
a 
> 
\ 
gay 
i 
bi : 


1961 
By THE REUBEN H. DONNELLEY CORPORATION 
All Rights Reserved 


Printed in the United States of America 


426, 
% 
A 
4 
> 
Gare 
{ 
i 


CONTENTS OF VOLUME VIII 


July 


Disappearance Curves of Intravenously Administered [*!- 
‘Triolein in the Human Subject 


Blood Pressure Measurements in Obese Persons. Compari- 
son of Intra-arterial and Auscultatory Measurements . 


Duration of Arterial Sounds . 


The Normal Vibrocardiogram. Physiologic Variations and 
Relation to Cardiodynamic Events 


Effect of the Cardiac Arrhythmias on the Renal and Mesen- 


Partial Extracorporeal Circulation in Acute Heart Failure 
High Frequency Phonocardiography 


High Speed Phonocardiography. An Approach to the Fre- 
quency Analysis of the Vibrations Originating in the Heart 


Colloidally Suspended Phytonadione in 
Induced Hypoprothrombinemia . 


Adams-Stokes Syndrome. A Review and F —s Kaas of 


Forty-two Cases. 


Primary Pulmonary eiiiiaias Effect of Unilateral 
Pulmonary Artery Occlusion and Infusion of Acetylcholine . 


Organic and Functional Pulmonary Atresia with Intact 


Coarctation of the and Valvular 
Stenosis . MES 


Leonard J. Feinberg 
Herschel Sandberg . 


Edward R. Dickstein . 


Samuel Bellet . 


{Kurt Berliner . 
Herley Fujty 

( Duk Ho Lee 
Muhtar Yildiz 
Bernard Garnier 


Simon Rodbard 
Jan Ciestelski . 


Clarence M. Agress 
Louis G. Fields 
Stanley Wegner 
Morris Wilburne . 


Martin D. Shickman . 


Robert M. Muller. 


David W. Irving . 
Eliot Corday . 


M. Bor . 


Andre P. Rieben 


Aldo A. Luisada . 
Giuliano di Bartolo 


Angelo Caniggia 
Guido Bertelli . 
Mario Lodone . 


Edwin L. Rothfeld 


Milton Shoshkes 
Martin Jacobs 


Bengt W. Johansson . 


Bernard L. Charms 


Velva Schrire . 
Gerald J. Sutin 
Christiaan N. Barnard 


Paul Hall. 


Bengt W. Johansson . 


Hans Krook 

Arne Malm . . 
Nils-Magnus Olsson . 
Lars Andren . 

Helge Wulff . 


22 


32 


41 


51 


63 


72 


76 


94 


100 


109 


| 
. . 
1 
ay 
. 
° ° 
|_| 
° ° : 
| 
° 
. 


iv Contents 


Absence of the Pulmonary Valve. Report of Two Cases 
Associated with Other Congenital Lesions Dita 


Rupture of the Aortic Valve Due to Strain. 


Aberrant Origin of Left Coronary Artery Combined with 
Mitral Regurgitation in an Adult. 


Idiopathic Postural Hypotension. Case Report Including 
Hemodynamic Measurements before and after Acute 
Digitalization 


Sinoatrial Heart Block with Wenckebach Phenomenon 


Unusual Cardiac Arrhythmias in Myocardial Infarction. A 
Case with S-A Block, Paroxysmal A-V Tachycardia with 
with Varying 2:1 and 3:1 Block, Dissociation between Pace- 
makers Situated within the Conducting System and Pre- 
mature Beats in A-V Rhythm and A-V Dissociation 


Pulmonic Insufficiency Versus Aortic Insufficiency in a Patient 
with a Mitral Stenosis . 


Book Reviews . 


College News . 
August 


Comparison of the Amount of Coronary Arteriosclerosis in 
Autopsied East Africans and New Yorkers 


The Comparative Racial Prevalance of Ischemic Heart Dis- 
ease in Cape Town. 


Acute Myocardial Infarction in Ninety Negro Patients: Clini- 
cal Manifestations and Immediate Mortality. Comparison 
with 229 Similarly Studied White Patients . 


The Normal RS-T Segment Elevation Variant 


Idiopathic Atrial Fibrillation . 


Lucien Campeau . 
Ghislaine Gilbert . 
Nicolas Aerichide . 


Otto M. Spurny 
Masauki Hara 


Ahmed Usman. . 
Blanche Fernandez. 
Joseph F. Uricchio 
Henry T. Nichols. 


Lenore R. Zohman. 


Richard J. Greenwood. 
David Finkelstein . 
Richard Monheit . 


Lalbhai M. Sanghi . 


Aldo A. Luisada . 
Jan Szatkowski 


R. Foster Scott 
A. Daoud . 
R.A. Florentin . 
J.N.P. Davies . 
Ruth M. Coles 


Velva Schrire . 


John Thomas . 
Calvin Calhoun 
Con O. T. Ball 
R. S. Anderson 
George R. Meneely 


Richard H. Wasserburger . 
William J. Alt 
with the technical assistance of 
Caroline J. Lloyd . 


Henry N. Neufeld. 
Cornelius A. Wagenvoort . 
Howard B. Burchell 

Jesse E. Edwards. 


113 


125 


130 


135 


140 


147 
155 


159 
162 


165 


173 


178 


184 


193 


, 
brs 
: 
Vas 
° 
‘ 
. . . 
tit 
if 
| 


Contents 


Atrial Septal Defect in Older Age Groups. With Especial 
Reference to Atypical Clinical and Na 


Sympathogenic Origin and Antiadrenergic Prevention of 
Stress-Induced Myocardial Lesions 


Continuous Electrocardiograms. Electrodes and Lead Sys- 
tems . 


The Pathologic Anatomy of Mixed Levocardia. A Review 
of Thirteen Cases of Atrial or Ventricular Inversion with or 
Without Corrected Transposition . 


Coarctation of the Aorta (Robert Graham, 1814). 


Ebstein’s Malformation of the Left Atrioventricular Valve in 
Corrected Transposition, with Subpulmonary Stenosis and 


Primary and Secondary Dextrocardia. Their Differentiation 
and the Role of Cineangiocardiography in ne 
Associated Congenital Cardiac Defects . : 


Increased Bronchial Collateral Circulation in a Patient with 
Transposition of the Great Vessels and Pulmonary Hyper- 


Congenital Corrected Transposition of the Great Vessels with 
Situs Inversus and Dextrocardia. Report of Surgical Re- 
pair of Associated Defects in a Patient with Pulmonary 
Stenosis, Interatrial Communication and Persistent “‘Left’’ 
Superior Vena Cava 


Isorhythmic Dissociation 
Cardiac Resuscitation 
Progress Notes in Cardiology. 
Abstracts 

Book Reviews . 


College News . 
September 


Evaluation of an Enlarged Cardiothymic Image in Infancy. 
Thymolytic Effect of Steroid Administration 


Preoperative Diagnosis of Acquired Valvular Disease. Evalu- 
ation of Different Diagnostic Methods with Special Emphasis 
on Left Heart Catheterization and Comparison with Surgical 
Findings. 


Leonard S. Sommer. 
Ignatios J. Voudoukis . 


Wilhelm Raab. 

Ernest Stark . 
William H. Mucnillen 
Wilda R. Gigee 


John S. Gibson 
Richard B. Griffing 

with technical assistance 
Wyoma Hoops. 


aurice Lev 


Ursula F. Rowlatt 


Saul Jarcho 

L. H. S. Van Mierop . 
Ralph D. Alley 
Harvey W. Kausel 
Allan Stranahan 


John S. Hanson 
Burton S. Tabakin 


William P. Cornell 


Roland Folse . . 
William C. Roberts 
W. Spencer Payne . 

F. Henry Ellis, Jr. 

James C. Hunt 


Lalbhai M. Sanghi . 


Sylvia P. Griffiths. 
O. Robert Levine . 
David H. Baker . 
Sydney Blumenthal. 


Daniel E. Dutrey 
Ellet H. Drake 


of 


203 


212 


216 


264 


270 


275 


282 


288 


293 
297 
300 
302 
304 
307 


311 


319 


Vv 
— 
198 
° ° 
4 


vi Contents 


Effect of Norepinephrine on the Phonocardiographic, Auscul- 
tatory and Hemodynamic Features of Congenital and 
Acquired Heart Disease 


Hemodynamic Effects of Amyl Nitrite and Phenylephrine on 
the Normal Human Circulation and Their Relation to 
Changes in Cardiac Murmurs. 


Heart Sounds in Atrial Tumors . 


Total Correction of Tetralogy of Fallot. Complications and 


Results 


Effect of the Application of Venous Tourniquets on Blood 
Volume . 


Experimental Roentgenologic Visualization of Normal and 
Abnormal Coronary Arteries . 


A Study of Predominance of Human Coronary Arteries Deter- 
mined by Arteriographic and Perfusion Technics 


The Electrocardiogram during Exercise as Recorded by 
Radioelectrocardiography . 


Physiologic Regulation of Arterial Pressure. 


Unusual Effects of Chronic Myocarditis 


Alveolar Hypoventilation and Cor Pulmonale Secondary to 
Damage to the Respiratory Center 


Manifestations of Myocardial Involvement in Acute Reactions 
to Penicillin . 

Successful Removal of a Fo our Weeks 
Acute Myocardial Infarction . ; 

Wolff-Parkinson-White Associated with Thyto 


A-V Dissociation with Interference in Partial Heart Block . 


Direct Electrocardiographic Recording of a aaa anes 
Millimeter Human Embryo 


Atrial Dissociation . 


George A. Bousvaros . 


Walter Beck . 
Velva Schrire . 
Louis Vogelpoel 
Maurice Nellen 
André Swanepoel . 


Georg Kaufmann . 
Willi Rutishauser . 
Robert Hegglin 


J. David Bristow . 
Victor D. Menashe 


Albert Starr 
Philip Samet . 


William H, Bernstein. 


Robert J. Boucek . 


William H. Sewell 
Wade H. Shuford . 
Pablo A. Davalos. 


John S. Vasko. 
John Gutelius . 


David C. Sabiston, Jr. 


Stavros Deltyiannis 
Marcel Eliakim 


Arthur C. Guyton . 
Jan Szatkowski 
Secundino Veiga 
Howard Weiss. 
Joseph H. Yahini. 


Bellet . 


Richard L. Naeye . 


| Robert F. Hadden. 
Per H. Langsjoen . 


Paul E. Mattman. 
Lalbhai M. Sanghvi 
Kushal Banerjee 


Nelly Szilagyi 
Leo M. Taran 
Benjamin Richman 


Reuben Straus. 
Ralph H. Walker . 
Morris Cohen . 


Ramon F. Abarquez 


John S. La Due 


328 


341 


350 


358 


369 


374 


379 


385 


401 


408 


416 
420 


- 426 


431 


438 


443 


448 


AS 
: 3 
. . 
. . 
~ 
1 
> 
Ws 
° 
| . . 
mor 
| 
RES 
ey 
} 
hot 


Contents vii 


Electrical Alternans in Association with Hemorrhagic Peri- 


October 


Platelet Adhesiveness in Normal Persons and Subjects with 
Atherosclerosis. Effect of High Fat Meals and Anti- 
coagulants on the Adhesive Index . . . . . . . LowsHorlick. . . . . 459 
John C. Owens 


Charles A. Armbrust, 3 
Determination of Prothrombin Concentration as an Index of i i Mees 471 


Anticompuiant Comteel. William R. Livesay 
Ephraim L. Wagner . 


Relation between Pain and Fatigue in Contracting Ischemic § Bruno Horisberger . iv 
481 
Muscle Simon Rodbard 
J. A. Abildskov . a 
An Experimental Study of the Electrocardiographic Effects of ) Robert Wilkinson, Jr. 1 4ge : 
Willard Cohen. 
Myocardial Ischemia. Nature of Ischemic Electrocardo- 
graphic Patterns in the Mammalian Ventricles as Deter- Ali. Ekmekei 493 3 
mined by Intracellular and Metabolic 2 
Changes . + + + | Nagaya. 
Digitalization by Combined Intravenous and Oral Adminis- {Marcel Neumann . t 504 33 
tration of Two Glycosides . Raymond Reich 
John Eberle’s Lectures on Medicine (1827) Saul Jarcho re +s 
‘ Bernard H. Pastor. 
Idiopathic Enlargement of the Right Atrium . Anthony L. Forte . 513 
Nanette Kass Wenger . 
Rudimentary Left Coronary Artery. 519 
Electrocardiographic Changes Noted at the Onset of Coronary oe 
Occlusion and Myocardial Infarction . . . . . . Lawrence E. Lamb . . . 521 
George R. Meneely 
Changes in Blood Pressure and Body Sodium of Rats Fed 
Sodium and Potassium Chloride . William J. Darby 
Resistance to Blood Flow through the Vascular Bed of the Dog (Henry W. Overbeck 
Forelimb. Local Effects of Sodium, Potassium, Calcium, Joyce I. Molnar . -> 533 
Magnesium, Acetate, Hypertonicity and Hypotonicity. Francis J. Haddy . , 


Effect of Hypertension and Sodium Chloride on Vascular 
Reactivity in Vitro. . .' 


Role of Electrolytes in the le Machinery of David F. Bohr. 
Smooth Muscle. ; Patricia L. Goulet . 

A Closer Look at the Problem of Vascular Reactivity of Iso- {David B. Gordon . UO geo 
lated Aortic Strips . ; Alfred T. Nogueira 
Sodium and Potassium Exchanges and Peripheral Vascular {Sydney M. Friedman . 

564 


re 
. 
{ 
wo 
‘ 
¥ 
| 
ite: 


Viii Contents 

Possible Role of Chronic Excess Salt Consumption in the 
Pathogenesis of Essential Hypertension . 

Pathogenesis of Experimental Hypertension Induced by Salt. 


Hypertension and Renal Cardiovascular Pathology in Adren- 
alectomized Salt-Loaded Rats 


The Role of Salt in Health and Disease. 
Progress Notes in Cardiology. 
Letter to the Editor 


College News . 


November 
Recognizing Compensated Shock 
Hypertrophic Subaortic Stenosis. Clinical and Hemo- 


dynamic Studies with Special Reference to Pulse Contour 
Measurement 


Cardiac Involvement in a Peculiar Form of Paramyloidosis 


Ventricular Aneurysm. Fourteen Cases Subjected to Cardiac 
Bypass Repair Using the Pump Oxygenator 


Phenol-Talc Procedure for Myocardial Revascularization. 


Experimental and Clinical Studies 


Localization of Right to Left Shunts with an Intravascular 
Polarographic Anode Sensitive to Ascorbic Acid 


Complete Interruption of the Aorta. 


Hemorrhagic Rheumatoid Pericarditis . 


Generalized Glycogenosis. 


Concealed Retrograde Conduction . 


Effect of Salt on the Kidney and the : ao — 
ratus. 


Effect of Sodium Chloride on the bi aaah Gland and on 
Iodide Metabolism . 


Lewis K. Dahl 
Simon Koletsky 


F. Wilgram 


Dwight J. Ingle . 
Arthur Groilman . 


W. Irving . 
Corday . 


Guy M. Boiteau 
Bertram J. 


Eduardo Coelho 
J. Cortez Pimental 


Don W. Chapman. 
Kamel Amad . 
Denton A. Cooley . 


Tra Hugh Friedman 
Albert B. Lowenfels 
Sol Gelman. . 
Jere W. Lord, Jr. 


Samuel Kaplan. 
Leland C. Clark, Jr. 
Kathryn Edwards . 
Marian E. Gallaher 
R. Phyllis Fox. 


M. Concepcion Ruiz Villalobos. 
Delfina P. de Balderrama . 
Juan Lopez y Lopez 

Miguel Castellanos 


Jere B. Stern . 
Harold J. Sobel 


Harry Stoeckle. . 
Armond S. Goldman 
John A. Webb 


Leo Schamroth. 
Louis Tobian, Jr.. 


Henri Isler. 


571 
576 


582 


593 
603 
605 
606 


611 


vate 
ay: 
. . . . . . . . . . . 
|| 
se 
) 
} 
4 
4 
1 
633 
649 
‘4 
24 
659 
4 
664 
a> 
682 
68 
A 


Contents 


Activity of Thyroid Gland of Renal 
Hypertension in Rats . gee 


Plasma Corticosterone Levels and Salt Intake in Experimental 
Hypertension in the Rat 


Experimental Hypercholesterolemia from Chronic Excess Salt 
Feeding . 


Panel Discussion . 


Some Observations on the Role of Added Supplements of 
Sodium and Lithium in the Pathophysiology of Corticoid 
and Metacorticoid Hypertension in the Rat. 


The Enhanced Peer Effect of Sea Salt over 


Effect of Potassium Nitrate Solution on Blood Pressure of Rats 
The Role of Potassium and Its Relation to Sodium in the 
Regulation of Blood Pressure . 


Autoregulation of Blood Flow in Peripheral Vascular Beds. 


Effect of Dietary Sodium:Potassium Ratio on Body Content of 
Sodium and Potassium in Rats ae ees 


Panel Discussion . 

Progress Notes in Cardiology. 
Letter to the Editor 

Book Reviews 

College News . 


December 


Experimental Right Bundle Block in the Normal Human 
Heart. Electrocardiographic, Vectorcardiographic and 


Right Bundle Branch Block Following Open Heart Surgery. 
Electrocardiographic and Vectorcardiographic Study . 


Factors in Myocardial Rupture. An Analysis of Two Hun- 
dred and Four Cases at Los be- 
tween 1924 and 1951 


Acute Myocardial Infarction in a City Hospital. V. Follow- 
up Study of One Hundred Thirty-one Survivors 


Abnormalities in the Electrocardiogram Induced by Emo- 
tional Strain. Possible Mechanism and Implications . 


Pattern of Uric Acid Excretion after Intravenous Administra- 
tion of Hydrochlorothiazide 


Melvin J. Fregly . 
Joe V. Gonzalez . 


Floyd R. Skelton . 
Paul M. Hyde. 


Lewis K. Dahl. 


Charles E. Hall 
Octavia Hail . 


{ Lewis K. Dahl 


Martha Heine. 
Melvin J. Fregly . 


S. Charles Freed . 


Wendell N. Stainsby . 


M. Renkin 
Lemley-Stone 


William J. Darby 
George R. Meneely 


Raitil Gamboa . 
Francisco Sime. 


Penaloza 


Leonard Scheriis 
Yu-Chen Lee . 


George C. Griffith . 


Balakrishna Hegde 
Robert W. Oblath. 


Benjamin A. Rosenberg 
Monte Malach 


Louis H. Sigler 


Cristobal Duarte . 
Leonard S. Dreifus. 
Ryuichi Kodama 
Albert N. Brest 
John H. Moyer 


694 


705 
714 


719 


726 


732 


737 


741 


748 


754 
757 
759 
760 
763 


767 


780 


792 


799 


807 


815 


1X 

. . . 700 

“ 

; . 

| 

. . . . . . . . . . 

. . . 

. . . 
M's 


x Contents 


George Tsitouris 
Samuel Bellet . 


Effects of Arterial Occlusion on the F An Manzoli . 


Experimental Study in Dogs . 


Serum Enzyme Activities of Glutamic Oxalacetic Trans- 
aminase, Lactic Dehydrogenase and Isocitric Dehydro- 
genase Following Embolization of the Dog Limb 


A Potential Hazard of the Transseptal Left Atrial Catheteriza- 
tion Technic. 


Treatment of Paroxysmal Atrial Arrhythmias with Acety]l- 


Coarctation of the Aorta (Otto, 1824; Bertin, 1824) . 


Congenital Coronary Arteriovenous Fistula 


The Treacherous Anomalous Coronary Artery. 


Reciprocal Rhythm Exhibiting Blocked Reciprocal Beats, 
Retrograde Block with Reverse Wenckebach Periods 
and A-V Dissociation . 


Interrelationships Between Water and Electrolyte Metab- 
olism in Rats 


Regulation of Sodium Chloride Intake by Normotensive and 
Hypertensive Rats . 


Acute Antihypertensive Effects of Chlorothiazide . 


Mode of Action of Chlorothiazide in the Reduction of Blood 
Pressure in Hypertension . 


Changing Status of Sodium Restriction in we of ecaiitt 


Effect of Chlorothiazide and Hydrochlorothiazide on Blood 
Pressure and Thyroid Activity of Hypertensive Rats 


A New Theory Concerning the Primary Stimulus in Renal 
Hypertension 


Panel Discussion 
Final Panel Discussion 
Workman’s Compensation in the Cardiac . 


Progress Notes in Cardiology. 


College News . 


ee B. Carmichael . 


Jean Schraeder 
Fraser Gordon. . 
Herschel Sandberg . 


Ugo Manzoli . 
Raymond Penneys . 


Henry D. McIntosh 
Robert E. Whalen. . 
Rafael R. Hernandez . 
James J. Morris . 
D. Edmond Miller 


Jonas Beregovich . 
Ramon Florenzano. 
Gaston Dussaillant 


Saul Jarcho 


Douglas G. Davidson . 


Howard L. Gadboys 
Ralph Slonim. . 
Robert S. Litwak . 


Capt. Richard M. Meyers. 


Edward P. Radford, Jr. 


Melvin J. Fregly . 
Edward D. Freis . 
James Conway 
Philip Lauwers 
Arthur C. Corcoran 


Melvin J. Fregly . 


Howard G. Swann. 


819 


829 


835 


838 


843 


846 


854 


859 


u 
Pie: 
} 
. . 
. 
G 
# 
- 
t 
863 
° 
870 
880 
88 
887 
mer 
99 
906 
909 
PASTA 913 
91 8 
. . . . . . . . . . . . . 
AD 


NEW MAGNETIC DATA RECORDER 


designed for medical researchers, 
teachers and clinicians. Economical data 
storage ... designed to instrumentation standards 
... precise repeatability for data processing... 
wide band width .. . time scale expansion or com- 
pression ... economy and reuseability of tape... 
these are some of the advantages of adding this 
magnetic data recorder to your recording facilities. 


The Sanborn-Ampex Series 2000 Magnetic Data Re- 
corder serves as an ideal companion to other Sanborn 
instruments for biophysical research. Any phenom- 
ena routinely recorded on a direct-writing or photo- 
graphic recorder may be recorded on magnetic tape, 
using the same preamplifiers. Data thus stored can 
later be graphically recorded for detailed study or 


teaching purposes, displayed on a meter or ’scope, 
or fed into a computer for processing and statistical 
analysis. 

Operation of the instrument is simple and straight- 
forward. All channels may be quickly aligned without 
need for auxiliary equipment. 


For complete information call the nearest Sanborn 
Branch Office or Service Agency — or write Manager, 
Research Instrument Sales. 


SANBORN-AMPEX SERIES 2000 MAGNETIC DATA 
RECORDER in mobile cabinet provides up to 7 recording channels, 
4 tape speeds, power supply and Sanborn plug-in electronic circuits 
jor either FM (DC to 5000 cps) or direct recording (50-50,000 cps). 
The system uses 44-inch tape on 1044-inch reels for up to 3.2 hours 
of continuous recording. 
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New Clinical Findings on a Challenging Subject 
are to be found in the new 


SYMPOSIUM ON DIABETES 


RacHMIEL LEVINE, M.D., Guest Editor 


Topics include: 


* The Prediabetic State. A Concept of Dynamic Resistance to a Genetic Diabeto- 
genic Influence 


* Electron Microscopy of the Beta Cell of the Pancreas 
* Adenocarcinoma of the Pancreas in Diabetes-Prone Chinese Hamsters 


* Periodontal Pathology in a Strain of Chinese Hamster, Cricetulus griseus, with 
Hereditary Diabetes Mellitus 


* Comparative Aspects of Spontaneous Diabetes Mellitus in Animals 


* Plasma Insulin in Health and Disease 


* Immunologic Aspects of Insulin 

* The Production of Experimental Diabetes by Means of Insulin Antibodies 
* On Some Biochemical Aspects of Diabetes Mellitus 

* Ketogenesis and Hyperketonemia 

* Critique of the Therapeutic Usefulness of the Oral Agents in Diabetes 


Contributors include: 


Sran ey S. BERGEN, Jr., M.D., St. Luke’s Hospital, New York, N. Y. 

Sotomon A. Berson, M.D., Veterans Administration Hospital, Bronz, N. Y. 

M. Micnaet Couen, p.M.b., Tufts University School of Dental Medicine, Boston, Mass. 
JEROME W. Conn, M.D., University of Michigan School of Medicine, Ann Arbor, Mich. 
Sreran S. Fasans, M.D., University of Michigan School of Medicine, Ann Arbor, Mich. 
Paut E. Lacy, px.p., Washington University, St. Louis, Mo. 

Levine, New York Medical College, New York, N. Y. 

ALEXANDER MARBLE, M.D., Joslin Clinic, Boston, Mass. 

Hans MEIER, D.v.M., PH.D., Jackson Memorial Laboratory, Bar Harbor, Maine 
E. Port, px.p., Graduate School of Public Health, University of Pittsburgh, Pittsburgh, Pa. 
GERALD SHKLAR, D.D.S., M.S., Tufts University School of Dental Medicine, Boston, Mass. 
TuHeEopor™E B. Van ITALLIE, M.D., St. Luke’s Hospital, New York, N. Y. 

Peter H. Wricut, M.D., M.sc., Northwestern University School of Medicine, Chicago, Ill. 
Rosa.yn 8. YALow, PuH.D., Velerans Administration Hospital, Bronz, N. Y. 

GEORGE YERGANIAN, PH.D., Boston Children’s Hospital, Boston, Mass. 


The Symposium on Diabetes is scheduled for publication in the Decem- 
ber 1961 issue of the American Journal of Medicine. Subscribe now. 
One year (12 issues), $14.00; Canada, $15.00; Foreign $18.00. 


The American Journal of Medicine 
466 LEXINGTON AVENUE, NEW YORK 17, N. Y. 
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DRAMATIC 


physical and emotional 


relvef an 


ANGINA 
PECTORIS 


‘round-the-clock 
protection against 
both pain and fear 


COROVAS is a nontoxic, uniform- 
acting, long-acting vasodilator to contro’ 
or prevent attacks of angina pectoris. One 
COROVAS Tymcap upon arising provides 
up to 12 hours of continuous coronary 
vasodilation, and another COROVAS 
Tymcap before the evening meal affords 
maximum protection against seizures all 
night. COROVAS alleviates the associated 
fear of pain. Reduces the need for emer- 
gency nitroglycerin. Safe and effective for 
long-term therapy. 


SUPPLIED — Boxes of 60 and 120. 


PROLONGED, SUSTAINED ACTION OF VASODILATING PENTAERYTHRITOL TETRANITRATE 
(PETN) 30 MG., AND SEDATIVE SECOBARBITURIC ACID 50 MG. IN EACH COROVAS TYMCAP. 
As with all nitrater, use with caution in glaucoma. 


AMFRE GRANT, INC. 


Brooklyn 26, N. Y. 
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list of inctaliations ore available on the 


revolutionary MARCONI IMAGE AMPLIFIERS 


e Amplifier will operate three monitors at 
the same time. Useful for consultations 
and in teaching hospitals. 


@ The cine camera facility makes it possible 
for the first time to produce continuous 
record of the large fluoroscopic image at 
doses tolerable to the patient. 

e@ Cine recording is done by using fluoro- 
scopic Ma...can be used on 16 or 35 m.m. 
films as well as 100 m.m. spot films. 


@ Simultaneous fluoroscopy and recording. 
e@ Fine grain 24 ASA film is used. 


e Amplifier can be attached to any standard 
X-Ray table. 


e TV circuitry is 1034 line triple interlaced. 
e@ Orthicon Optics f 0.68. 
e Image Magnification switch. 


@ Image reversal switch—positive or 
negative. 


THE MARCONI! IMAGE AMPLIFIER IS SIMPLE TO OPERATE 


COMPLETE DETAILS WILL BE SENT ON REQUEST... PLEASE WRITE TO 
Hl BOX 306 GRACIE STATION NEW YORK 28, N.Y. Jj IN CANADA 1400 DON MILLS ROAD, DON MILLS ONTARIO 
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YOUNG INVESTIGATORS’ AWARDS 
FOR 1962 


FIRST PRIZE IS REPRESENTED BY A SILVER MEDAL AND $1,000. 
Honorable Mention $250; Eight Additional Awards of $100 Each. 
The conditions of the awards are: 


ELIGIBILITY Any physician in residency or fellowship status or within 3 years 
following his residency or fellowship. 


SCOPE A formal presentation, 10 minutes in length, describing original 
investigation in which the contestant did either the work or was 
a significant member of investigating team. 


PROCEDURE An original manuscript and letter indicating intention to enter the 
competition must be in hands of Executive Director by January 1, 


1962. 


An accompanying \etter from the chief of the service or laboratory 
indicating his willingness to have the material presented in the 
competition. 


Judging to be made by the Committee of Judges selected by the President of the Ameri- 
can College of Cardiology and their decision to be based upon (a) excellence and 
originality of investigation (b) excellence of written manuscript (c) excellence of 


presentation. 


Competition to be in Denver, Colorado, upon the occasion of the 11th Annual Meeting 
of the American College of Cardiology, date May 29 to June 2, 1962. 


Address queries and manuscript to: Executive Director, American College of Car- 
diology, Empire State Building, 350 Fifth Avenue, New York 1, New York. 


39 


} 
“| 
(2: 
: 
Wh 
| 
Wi 
ty 
af 
| 
= 
cht 
| 


In touch 


with the heart... 


with the low-cost METRETEL 1000 


The Ideal System for Remote ECG Signal Monitoring 


The versatility of the Metretel 1000 System 
allows even the hearts of athletes in action 
to be monitored accurately. This low-cost bio- 
medical telemetry instrumentation provides 
the cardiologist, the physiologist, the anes- 
thesiologist and the psychiatrist with the 
latest scientific method for remote monitoring 
of ECG signals. 


The pocket-size, battery-powered transmitter 
weighs only five ounces and transmits up to 
100 feet without external wires or antenna. 
The FM receiver has outputs for standard 
recorder or oscilloscope attachments, and in- 
cludes a battery charger and tester. 


The Metretel 1000 System complies with 
FCC rules and regulations and is guaranteed - 
against defects in workmanship and materials 
for one year of satisfactory operation. 
Complete price of system: $895.00 f.0.b. Venice, 
Calif. For full information, write: Dept. AJC 12-1 


AVIONICS RESEARCH PRODUCTS CORPORATION 


4254 Glencoe Avenue, Venice, California 


Eastern Regional Office: 
1015 Investment Building, Washington 5, D.C. 
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with hundreds of pellets of protection against ANGINA 


A 30 mg. Pentritol Tempule containing hundreds of pellets for 12 hour action produces 
a smooth, prolonged respunse. Duration, frequency, and severity of anginal attacks 
are lessened.' Angina patients showing little progress with 80 mg. daily of PETN 
tablets, have responded favorably to the smaller dose of Pentritol Tempules.? Kamil 
and Klinger report excellent results from a timed-disintegration pentaerythritol tetra- 
nitrate capsule, with nitroglycerin requirements reduced as much as 85%. 


1. Biegeleisen, H. |.: Clin. Med. 2:1005, 1955. 2. Roberts, J. T.: Clin. Med. 
4:1375, 1957. 3. Kamil, M., and Klinger, !.: New York State J. Med. 59:3398, 1959. 


controlled disintegration capsules 


Pentritol Tempu!e 
magnified 
approximately 

9 times. 


PENTRITOL—tach Pentrito! Tempule is @ controtied disintegration capsule containing 30 mg. of pen- 
taerythritol tetranitrate in granular form. An initial dose of 10 mg. is released at once; a second dose 4 hours 
later; and a third dose 8 hours after ingestion. Thus, each Tempule affords at least 12 hours of coronary vaso- 
dilation. ACTION AND USES: Effective prophylaxis against anginal attacks. One Tempule morning and evening 
will provide 24 hours of effective medication, with a smooth, sustained clinical effect that has shown excellent 
results. Pentritol seduces or eliminates sitroglycerin requirements, stops or reduces frequency of anginal attacks, 
eliminates or mitigates pain, and increases capacity of physical activity. CONTRAINDICATIONS: Observe 
caution in glaucoma. DOSAGE: One Pentritol Tempule morning and evening, approximately 12 hours apart. 
SUPPLIED: Bottles of 60 and 250. Also available: Pentritol-B Tempules, with 30 mg. pentaerythritol tetranitrate 
and 50 mg. butabarbital, for 12 hours of coronary vascdilation plus sedation. 


ARMOUR PHARMACEUTICAL COMPANY 


AY KANKAKEE, ILLINOIS Originators of Listica® 
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maintains 


NORMAL 
SINUS 
RHYTHM... 


exclusive oral Sustained Medication* 
Quinidine Gluconate 5 gr. (0.33 Gm.) 


CARDIAC 


Maximum efficacy: maintains effective quinidine blood levels all day, all night. Better 
tolerated: because quinidine gluconate is 10 times as soluble as the sulfate, and only 
part of daily Dura-Tab dosage contacts gastric mucosa. Maximum convenience: given 
q. 12 h.—no night dosage needed. 

DOSAGE: for conversion of auricular fibrillation to normal sinus rhythm, in most cases, 2 Dura-Tabs 


3 or 4 times a day, for 2 to 3 days; longer periods are required in some patients. For maintenance, 
1 or 2 Dura-Tabs q. 12 h. in most patients . . . Bottles of 30, 100 and 250 Quinaglute Dura-Tabs. 


For SAMPLES and complete literature*-?° 
giving indications, cautions, etc., write 


W Y N N PHARMACAL 
*U.S. Patent CORPORATION Page 821 
—_— Lancaster Ave. at 51st St., Philadelphia, Pa. also available INJECTABLE QUINAGLUTE 
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a new approach to these A-B-C’s 


A recent review of the atherosclerosis problem! points out that “cholesterol is only one of 
the serum lipids which may be related in some way to atherogenesis” and suggests that “specific 
triglycerides, phospholipids, fatty acids or the whole spectrum of beta-lipoproteins may be of 
equal or greater importance.” 

The role of the low-density beta-lipoproteins has been stressed by Olson’, who suggests that they 
are the primary agents in atherosclerosis. Another recent discussion® has brought out the need for 
a simple and reliable testing procedure for beta-lipoproteins. 

BETA-L TEST® is a specific immunochemical test for estimating serum beta-lipoprotein levels. 
BETA-L TEST reagent contains antibodies which specifically precipitate the beta-lipoproteins in 
human sera. This precipitate is then measured visually. Test requires only one drop of patient’s 
serum and can be performed in 10 minutes. Clinical laboratories equipped with a micro-hema- 
tocrit centrifuge need no other special equipment for test performance. 

In addition to its usefulness in atherosclerotic studies, BETA-L TEST may be found a helpful 
diagnostic and prognostic procedure in diabetes, hypothyroidism, the menopausal state and other 
conditions associated with elevated beta-lipoproteins. 

BETA-L TEST measurements correlate well with total beta (low-density) lipoprotein measure- 
ments obtained by electrophoresis* and polyanion precipitation* and with chobvitensl values in 
the beta-lipoproteins’. 

BETA-L TEST is supplied in 60-test kits. 


1. Goldsmith, G. A.: Highlights on the Cholesterol-Fats, Diets and Atherosclerosis Problem, 

J.A.M.A. 176: 783-790 (June 3) 1961. 

2. Olson, R. E.: Prevention and Control! of Chronic Disease. I. Cardiovascular Disease—with Particular 
Attention to Atherosclerosis, Amer. J. Public Health 49: 1120-1128 (Sept.) 1959. 

3. Wood, F. C., Gurin, S., and Kuo, P. T.: Medical Correlation Clinic on Atherosclerosis and Coronary Artery 
Disease, Am. Pract.-Dig. Treat. 12: 235-247 (April) 1961. 

4. Heiskell, C. L., et al.: A Simple Method for Quantitation of Serum Beta-Lipoproteins by Means of the 
Immunocrit, Amer. J. Clin. Path. 35: 222-226 (March) 1961. r 
5. Bergquist, L. M., Carroll, V. P., Jr., and Searcy, R. L.: Evaluation of a Specific Antiserum for =~" 
Serum- 8 -Lipoprotein Estimations, Lancet i: 537-538 (March 11) 1961. 


HYLAND LABORATORIES 
4501 Colorado Blvd., Los Angeles 39, Calif. 


Branch Office: 160 Lockwood Ave., Yonkers, New York 


; $5 
& 
thero. | 
| 
] wig 
: 
edt 
etalipo 
th 
| 
~ 
43 


a 


The American Journal of Surgery 
The American Journal of Medicine 
The American Journal of Cardiology 
The Americaz Journal of Clinical Nutrition 
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Sometime this month the 100,000,000th injection of Mercuhydrin will be given. 
We can interpret this figure in many ways... First of all, in terms of lives prolonged 
or saved... in terms of therapeutic advances, for the modern approach to therapy 
of congestive heart failure owes much to the long-established efficacy and safety 
of this drug. The published literature, clinical and experimental, is enormous and 
continuous. After more than 15 years Mercuhydrin remains the pharmacologic 
standard for the clinical comparison of diuretics. And as a pharmaceutical prepa- 
ration, Mercuhydrin has not been surpassed in its stability and reliability. Lakeside 
is indeed proud of Mercuhydrin. Lakeside Laboratories, Inc. 


MERCUHYDRIN®, brand of merallur- 
ide sodium, Lakeside. Supplied in 1 cc. 
and 2 cc. ampuls in boxes of 12, 25 and 
100, and 10 cc. rubber capped, multiple 
dose vials in boxes of 6, 25 and 100. 
Needs no refrigeration. Contraindica- 
tions: Acute nephritis and intractable 
oliguric states. 
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to prevent pain and anxiety 
In angina 


For your angina patients, EQUANITRATE helps control pain and angina- 
triggering anxiety. EQUANITRATE reduces the number and severity of attacks, 
increases exercise tolerance, and lessens nitroglycerine dependence. Russekt 
reports “The best results .. . in both clinical and electrocardiographic response, 
were observed with a combination of meprobamate and pentaerythritol 
tetranitrate [EQUANITRATE] in the patients studied.” 


For further information on the limitations, administration, and prescribing 
of EQUANITRATE, see descriptive literature or current direction circular. 
tRussek, H.I.: Am J. Cardiol. 3:547 (April) 1959. 


Supplied: EquanitraTte 10 (200 mg. meprobamate, 10 mg. pentaerythritol tetranitrate), 
white oval tablets, vials of 50. EQUANITRATE 20 (200 mg. meprobamate, 20 mg. pentaerythritol 
tetranitrate), yellow oval tablets, vials of 50. 


Wyeth Laboratories Philadelphia 1, Pa. 


Meprobamate and Pentaerythrito! Tetranitrate, Wyeth 
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The Surgical Masters 


—Their lives and labors—brought to you in a fascinating new work 


Our 
Surgical Heritage 


by D. P. HALL, M.D. 
Surgical Department, University of Louisville, Louisville, Kentucky 


Foreword by Rosert M. Zo.uincer, M.D. 
Professor and Chairman, Department of Surgery, Ohio State University, Columbus, Ohio 


A collection of warm, penetrating biographical sketches of the Surgical 
Greats of our past. 


This material makes delightful reading, and also provides an appreciation 
and understanding of the historical background of Surgery. Ideal for 
Christmas gift distribution to Residents, Interns and Students or your 
Surgical Colleagues. 


From the Foreword: 


“Surely all would agree that familiarity with surgical history emphasizes 
that our forebearers without the benefit of modern science as we think of it 
made observations and devised procedures which have withstood the test of 
time. Their proper names are used in our daily practice to designate a 
disease, a syndrome, an instrument, or a surgical procedure. Such men, 
originating in many countries and oftentimes centuries apart, have provided 
a foundation which makes our care of patients safer and better than ever 
before in the history of mankind. We can hardly read the lives of those in- 
cluded in this ‘historical gem’ without feeling a challenge to make our own 
contributions.” 


(Our Surgical Heritage originally appeared in The American Journal of 
Surgery. ) 


THE AMERICAN JOURNAL OF SURGERY 
466 LexincTON AVENUE, NEw York 17, N. Y. 


Please send ___ copies of Our Surgical Heritage at $6.00 each. 
‘Discount of 25% for quantities of 12 or more copies. ) 
NAME 
(PLEASE PRINT) 
ADDRESS 


City ZONE STATE 
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sito for exceptionally steady prothrombin-time response 


brand of acenocoum 


Two established oral anticoagulants. In the treatment of thromboembolic disease, both 
Sintrom and Tromexan reliably bring about hypoprothrombinemic response. 

Distinguished by high potency and its ability to maintain a uniform response with a constant 
single daily dose, Sintrom is particularly suited to long-term therapy. Significantly more 
rapid and transient in action, Tromexan is well adapted to cases calling for more immediate 


control of thrombotic tendencies. 

Full information regarding dosage, side effects, precautions and contraindications available on request. 
Sintrom®, brand of acenocoumarol, is supplied as double-scored tablets of 4 mg. 

Tromexan®, brand of ethyl biscoumacetate, is supplied as single-scored tablets of 150 and 300 mg. Gei 
Geigy Pharmaceuticals, Division of Geigy Chemical Corporation, Ardsley, New York si/rr-662-61 igy 


‘brand of ethyl bisco 
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Hyland Laboratories, Inc. 


Lakeside Laboratories 


Thos. Leeming & Co., Inc. 
Clarin* 


The Wm. S. Merrell Company, Div. of 
Richardson-Merrell Co. 


Mikros, Inc., Subs. of Electro Scientific 
Industries 
Defibrillator 


The National Drug Company, Div. of 
Richardson-Merrell Co. 

Riker Laboratories, Inc. 
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Roche Laboratories, Div. of Hoffmann- 
La Roche, Inc. 


Sanborn Company 
Magnetic Data Recorder 


G. D. Searle & Co. 
Aldactone* 


(Continued on next page) 


*Complete description of starred drugs will be found in 
MODERN DRUGS and THE MODERN DRUG ENCYCLOPEDIA 
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coronary 


provide prompt 


prolonged protection with... 


brand 


ERYTHROL TETRANITRATE 


lil a NZ L771? “Because of its rapid action...it may be used like nitroglyc- 
erin before contemplated exertion or excitement when more prolonged prophylaxis 


is desired.”’ Russek, H. I.: Am. J.M.Sc. 239 :478, 1960. 


Tablets of 5 mg. and 15 mg. Literature available on request. 


BURROUGHS WELLCOME & CO. (U.S. A.) INC., Tuckahoe, N. Y. 
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Rautrax-N lowers high blood pressure gently, gradually ... protects 
against sharp fluctuations in the normal pressure swing. 


Rautrax-N offers all the advantages of Raudixin, 
Naturetin and potassium chloride in a single dosage 
form plus: increased efficacy — Combined action of 
Raudixin and Naturetin results in a potentiated anti- 
hypertensive effect greater than that produced by either 
drug alone. increased safety — Potentiated action per- 
mits lower dose of other antihypertensive agents, thus 
reducing severity of side effects. Protection against pos- 
sible potassium depletion. flexibility — Interchangeable 


with either Raudixin or Naturetin ¢ K. economy — Main- 
tenance dosage of only 1 or 2 tablets daily for most pa- 
tients. convenience — Once-a-day maintenance dosage. 
Two potencies available. 

Supply: Rautrax-N — capsule-shaped tablets providing 50 
mg. Raudixin, 4 mg. Naturetin and 400 mg. potassium 
chloride. Rautrax-N Modified — capsule-shaped tablets pro- 
viding 50 mg. Raudixin, 2 mg. Naturetin and 400 mg. 
potassium chloride. 


SQUIBB 
Squibb Quality ¥ 
— the Priceless Ingredient 


For full information, 
see your Squibb 

uct Reference 
or Product Brief. 


Squibb Standardized Whole Root Rauwolfia Serpentina (Raudixin) 
and Bendroflumethiazide (*Naturetin) with Potassium Chloride 
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“RAUOIXIN’®, ‘RAUTRAX’® AND ‘NATURETIN’® ARE SQUIBS TRADEMARKS, 


“In a controlled clinical study of 260 postcoronary 
patients, one-half were given sublingual heparin and 
one-half received conventional treatment. During 
the period of observation, averaging more than 2 
years per patient, there were 12 recurrent infarctions 
in the heparin-treated group and 38 in the control 


group. This difference is statistically significant.” 
Fuller, H. L.: Angiology 77:200 (June) 1960. 


Simple and safe for long-term therapy, Clarin* (sublingual heparin) effectively con- 
trols the prolonged postprandial lipemia associated with atherosclerosis by facilitating 
the normal physiologic breakdown of fats. Unlike parenteral heparin, the use of Clarin 
requires no clotting-time or prothrombin determinations. The antilipemic activity of 
each manufactured lot of tablets is confirmed by sublingual control tests in animals. 


Indication: For the management of hyperlipemia 
associated with atherosclerosis, especially in the 
postcoronary patient. Dosage: After each meal, 
hold one tablet under the tongue until dissolved. 


Supplied: Bottles of 50 pink, sublingual tablets, = 

each containing 1500 I.U. heparin potassium. < r 4 n 
An informative booklet, “Hyperlipemia, Heparin 
and Management of the Postcoronary Patient,” (sublingual heparin potassium, Leeming) 
is available from Thos. Leeming & Co., Inc., 
155 East 44th St., New York 17, N. Y. 


*Registered trade mark. Patent applied for. 


Positive 
Antithrombotic 
Therapy 


H EB PAR I N is the only substance that protects against the 


organization and extension of thrombi by 
acting on both the clotting mechanism and 
on elevated lipid levels. 


There is a growing hody of evidence 
for inter-relationships among 

elevated serum lipids, atherosclerosis, 
hypercoagulability, and thrombosis. 


INCREASED ELEVATED 
INTRAVASCULAR 
CLOTTING SERUM LIPIDS 
(| 


THROMBOSIS 


by 
> 


ATHEROSCLEROTIC 
LESIONS 


OCCLUSION 


LIPO-HEPIN 


HEPARIN SODIUM INJECTION, AQUEOUS 


RIKER LABORATORIES, INC. 
NORTHRIDGE, CALIFORNIA 
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